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present li»7aotijon celai;es to the use o£ waveguide far tihe 
'I titetenalnatiGii of the co n o m traticn oC a spedes (or analyte) in &o- 

I Outlcn in a liqmd by siaasurizig. the rate (ocnceatratlon aqoendent) 

; . . o£ its oombinatlon with or dissocdaticn fron a speoLEio reactant tfaer^ 
I 5 to, e^9« a eonju^ts soiety ^ ^ coraplexation ze^stiozi, ftlare speci- 

I f imi 1y , tlie inventicQ conoectis a itethod fiO£ detenniniog an ena]^ 

I te in solution In which & I^er of anaXyte-^reactant produce is fboft- 

1 ed at the suxj^ce o£ a lit waveguide carrying a totally aid nultip^ 

j ly reflaeted eisotranagnetic wave signal and changes the cptlcaL pro- 

j U) perties thereof so as to nedifsr said signal, aaid siodlSisaticn be- 
^ ij^ neasnred and used £ea; said detdsnination. OfatiSf ttd invention 

applies to a varietap^ o£ ffhpnrfrpl aod biotogicaX ^t^ps and, parti- 
;! cularly wellr to the detenDinatioa of hiosctive molectalea In Ia»/ con- 

oQQtraticn by imromoassay t^pe reactions, i.e. reactions based on 
n 15 tiae fbtmation ofi cqiEte»e5 biy the addition of antibody (SB) to an- 
tigen (afi) molecules or vice-versa* 

Maxv ZQethoOe alr^«3y esdst in the fiield Sor adiieving the abo^ 
mmtioned detexmination based en the classical techniqjoes of bioehe- 
inistEy* For inatancer ch^ rica l reactions can be osed to detect a giv^ 
20 en analyte In a nunber o£ different wsys* ^^^*t=1^^ sysbests ind^ 
de tltratlcn <x reaotioi with a specific recent that gives a ool-* 
ored protot or precipitate. Ihe reqairsroent for this detection sys*« 
tern is that the reagent is in equivalence or in e^cessr so that the 
p p ad U i C t. can be measured ty oonvontionaX phbtcmeticyr turbiffiiTnptgy/ 
25 color Imetryr etc* neasuring s]fstem is chosen acouding to the 
size o£ the signal to be rosasured. At very low anaJyte cancentcatix3Eiar 
dsteeticn bacet n ea di£&icult and greater discrimination can be c6tain* 
edr £09: exanple, by- conosntratlng the reaction proSuet ideally e.g. 
by solvent extraction, csitri&gation, etc«. vdiidh may becaoe tedious 
I 30 and costly* Htejeverr tiie above disadvantage was stc en g ly reduced when 
a practical syait^ £or 0ie measursn^ot of biochemical analytes in 

SRU ooo&a3 



PAGE 3/57'RCVDAT8/2S/200512:2S:S2PM [Eastern ^^^^ 



Aug-29-2005 I1:30an Fron-MCDONNELL BOEHNEN HULBERT < BERGHOFF +13129130002 T-0B3 P.004 F-6B8 



0075353 



t 

i 



exbteoely la; ooscentraticas made availaULe m 1960. Tt^is 
anaJYtical s^tsm {radloioaamoass^) took advantage o£ the charac-- 
teristica of biological s^stsas fan molecular recognition (antigett-air* 
tiboSy reactions) and the extr^ sensitivity o£ radioactis^e ineBSu-* 
5 rgmmts (radioactive isotqge labfi3.T1ng) . An essratial Ceatore o£ tm«s 
bceafcthirniigb vsas the coroept of limited- reagent assay with the trac^ 
er label used to iQea^ure tbe distribotion of tlie analyte to be loea- 
qqced betNeen the rsagentHMund the £ree noieties (see £br exam* 
plev Ibeview Paper "The tfaeocetical aspects of saturation azaaljfsas" 
10 R,P. EBa399 In ^Ih vltEO saroceftirBS wltt sadioisotopes in medicine"/ 
IhtematiGnal Atomic Eoergsr Ag^iqr, June 1970). AltihEso^ iznamxaas**^ 
w&c^ first deaetibed as limited reagent assays, eqoall^ pract- 
ical s^-stens mre later described for reagent excess matbods (see 
MlCISg et el. Biodem. J. 108^ 611 (1363) « 
15 Ih additlm to voLimetric and graviiaetric azialysiSr the present 
metbods tbud involve highly sensitive methods saeH as c o lo r iae tr y f 
ngectsaaay^ and radioactive measurements^ Hb»^er, xnaay of such tech- 
niques are now begnaiing cbeoiLeta as tfa^ are tedicqsr require a re* 
latively large qpaotity of aualyte to be aocurater are. based cn bard 
. 20 to ^epare and dlf&colt to stcce reaigents or require espensive and 
^ ctsnker^soDQ equipcent and bigblf skilled qperators^ XhuSf t±ere is 

a tread now to daveli:]p more subtle metiiodSf which require less rea* 

] geaois and ^icb can be xyrfhrmpd . safeLyr qpickly aDd accurately bs' 

i 



moderately skillfd perscsusel* Aindp? such aetbods vhicb have been dis^ 
2S ;clc6ed lately r sane involve tiiie use of cptdcal v«ave guides includ- 
ing <±e reactant. Ebr analyslsr the ^tove guide is contacted with the 
analyte in Bolntion uherety a reactlca with the reactant on the v^a- 
ve gixLfe o ccurs wltil Qie ocnaequence that the pBtical prcperties of 



I the latteg an modified, iSam maasttrenEnt of such itpdifiqatiai iten 

f 30 provides the required data for the analyte detenrinatlon# a ccor ding 

to the teaching of sane recrat referecoeH (£ac instance, 4,050,695 
OftfiOX) and W 81 100 912 (fOCSCSES), the guides can oonsist (SJSr- 
£ES} of a i^iT 'Xi fi light Li H iiHii rf t ^ ing core iT!p r *? g™*^p d wltb read^ 
ant into vhidi tte analyte will f\itf!ar^^ during the reaction. Or/ (?OC^ 
or B^5I32) the mv&-ga£de can o^nsist of a non porous light trans^ 
ndtting core (e.g. glass) coated with a poroos or pexaneable abeath 
ijspregcated with the reactanc and into which the analyte will dlf- 
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fuse* Fivthenme^ in one specific case ^plied to ijunusoassay (Qf^ 
DQTr Kymqplff '3), a roa-sha(ped vrav^f-guide is coated wil:h an antibody 
laye3C bonded by diptenyldinethoseysUane and reacted with poly^^rena 
latex eptetes treated with an antigen. Tbe antigen tzreatad beads will 
5 tben attach tc the guide and zoodif^ tize light signal output ot the 
latteiTr «A)icfa variation is used for the analjrtical detemdiiBtian. 

above techniques have merit but tbey do not well ^ggiy to 
! sane ^jfpical analyses Involving reaction Fcinetics. Ibdeed, it is well 

knam tizat rates may provide essential analytical data, particular-* 
10 ly in the case of antanated test systems andr since reactions cccur^ 
ring within pezaestile or porous bodies alw^ involve a prelimlnar 
zy diffuBion of tiie enalyte into said bc^r and sinoe di££bsicn pro- 
cesses are g«erally much slcwer than ajenical reactions, the rate 
o£ tiie latter cannot ba measured directly? in suda a caser only egqi- 
15 libriuB data can be obtained. Also in the knovn prior-artr aifaodi-* 
1 ments are avoidsd invol^tring the use o£ a tranj^iarent core coated with 

i a reactant sheath witix a rcfractian Index Rnwlli^r than that of the 

I core £or the ireason that, admittedly, low scnsitiT/ity would be eac- 

J pected to result. Indeed in such casOf most of tte light: signal in- 

^ 20 Jected at the input of the guide will traivel 'within the core by a 

total refXectiox process and, in sm o fa case^ as is cxmiuily auuepC* 
ed^ the interaction o£ that signal with the reaction products locate 
^ ed in the sheath/ i,e« outside the core Rhmfld only be minor* Oon- 

sequentlyr care was ^ken in the prior art that the refractive in- - 
25 desx of tte S heat h 02 the reactica t^ces plaee) be always lar^ 

er tiian tiaat (n^) cf iAiB core for allowing the light injected In tiie 
core at tise input to be refracted into the ^^eath and, fros that point 
CO, to ccntiz^ to travel in the sheatit right to th& output of the 
guide* ww, contrary to scne oC the prior discitawresy the out^xxt 
30 signal (tte result of the light teving been nnaified by passing 
through the products of reaction; reactant * analyte within the 
sheath) win not readily reenter the core and reaidi the back end tbere- 
: of {this behavior results frcm elesoentary optical principles to be 

discnsBRd later) and, fc^ the loeasueements, the output light detect-* 
35 or must be located in the very near vicinity of the testing probe 
(i.a« the bade end of the sheath). &ich arranganent is cot always 
practical oonstructicnwiser nascely when tiae guide [plus steath) is 

SRU 0008B5 
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dipped- in a liquid &(S measuring an amlyts in solution* 

!Qie p£es^t imrentlai resnedies ttese draidiacks as it Involves 
no paraus ooce or sbeath and no diffusion tibr^b a inatrix structure 
(sbeath or core). Also,, in the presait in^entdcn, the light signal 
S tsay^Uing inalde «ie wav«-guide ty total reflection is neither trans- 
aitted oas guid ed within reectant azsalyte product; rather, 
only the evanescent wb^ oosiponent of the signal ii^t (i.e. thai; 
part of the wve that ext^ids ixxto the region outside the ooce in 
the case o£ total reE2£ctlan) is involved^ Ttxas, sines tha range of 
10 aotlm c£ tbe evaiegoent wave is only a ftactlcti ot tfamlength (\} , 
the qjnantits^ of product needed (reactant ^ ansJirtie} is extreniel? sioall 
and otoKst s^itivity (with regard to the total anount of species 
to be anal]ggeg) can be achieved* 

Obusf Qce ofagect of tte invention i^ to provide a lostiiod for 
IS the tast and accurate detecnination, with an optical waveguide, of 
ocncentraticn of a chCTrical species or analyte in. sduticn in 
jl a liqc^d, Another objection of the invention is to porovide an anar 

lytieaJL methbd .&r detenrinang bi o lo g ical analytes with great ^e- 
cificity and ssisitivli;;, 'teotber object is to pcovida an analytio^^ 
20 al nethog can be easiOy itplgngntsd by scderately s k i lled mrkr* 

ers and wbicii reg[uires ooly a minor ancunt of analj^^ical ao ln tion ^ 
Still, another obgect c£ the Inventim is bo provide versatile azsd 
autonated measuring davioaa adapted for carrying oat: the above men- 

25 !Qiese cfa!)ects (and stiXl &irtiber ofajects which will appear in 

the oourse of this description) are api^cpriateJy Crrlfnifffl by the 
present: n^tbod which caigtrisefi usingr a wave-guide carer the ixsaex 
of refraoticn (^) of Wbidt is selected to be his^er than that ^) 
of said analYte- Rolutim and bo provide a ratio Hj/^ sudi tbab the 
30. depth of penetratica in the soLition o£ the electromagnetic field 
associated with said light signal travelling in the guide practical*-' 
ly mt^ies or exceeds tiie thickness of tAe said layer of anaJyte react- 
ant' predict* ^Ehnsr for lastHnrey the method involj^es gnnftacfcing a 
s^^tion of a lit (ntsn porous) uave-^uide core coated with a thin film 
35 of a reactant apecif?ic to an analyte with a solutim of said ansOy^ 
te ^lereby enabling ga l^ analyte to react witii said reactant of the 
£i3v end iSonn a resctanb-ena3yte product layer, observing the car- 

SRU 000886 
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^responding optical changes with tiine oa: m ting to the light signal 
travelliiiQ thxough tte aQm« at tte outlet a£ said GOce bb tte result 
of said product lay^ Socxnaticn and oonparing tbd rate data obtain- 
ed with standard reference data obtained in a sisdlar loanner £rcro 

5 calibrating sanpLes of said analyte^ the refractive Index (n^^) of 
said core being greater than that (n^} of said edution and the thici^ 
xjBSB of aaid film being only a fraotion of the signal waToXecgtii. 

It win be ngefljl at this stage to i^ovlde Bona goiaral inf^rm- 
atlcn OA the trarxsmidsion of light in a oore b? the so^oall^ total 

10 reflecticn process, tbis can be better dczie with the help of part 
of the acconpanying drasdng in which: 

Figp 1 iUusteatas schamaticaUY ^ total ra fX e ct icn ficooess 
of an incident hem N at the boundary between a d»se (n^} and a ra» 
re iji^ zoedium 3t an angle d larger thanO^, the critical total r^ 

IS flacticxi angle. let this figure^ is the initial magnitude oS the 
elaetrio field ooqpcaent of tba li^ at zero d^>fcfa in the rarer aie- 
dlunir 2 is die depth of p^iefcration axis and ^ is definfiri in the 
discussion below* R is the reflected bean. 

Fig» 2 Illustrates the fractional penetration dopth of ^electro- 

20 magnetic field in rarer bulk siedium fior total inte rn al r^lection 
v&csiOB angle of inoidenoe fbr a ranter o£ internees. Hie poietrab- 
im depth is inftoiteJ^r large at tiie criticaL angle and is abwt one 
tenth the wavelengtii at grazing incidence for relatively high indesc 
ipedia, ^ x '^^^ ^ ^ wavelength in die denser n¥?fiinin. Cllhkai fran 

25 BaEOOCK^ Internal Aaflectian SjpectcoscoEYr Wilay 1S67) • 

Fig. 3 iUsstrates the inberactiai o£ an evanescent wave and 
a la^er of reaction £ffOduot« 

Ph(2^ical Insight into the interacticn inechanisEos at a reflects 
ing sorfage can be dbtaited fran a more fandapental approach with 

30 the aid of Bbxwell^s eqpaticnas. m the pc^ent case^ i«e* r^Xect^ 
im in a dense sedium at tte boundary with a rare mediumf the £ol- 
lowing question be answered: wtet is the electromagnetic field 

disteihuticn in the rarer i&ediuia b^fncnd the reflecting interf^ for 
total toteznal refleobioo? 

33 In this caser there exists a wave tecticn In the rarer medium 
^Mdb propagates parallel to the. interface. Its electric field am- 
pHtode fallfl o£f ea^cRsntially with distance frcn the sar&oe . Csee 

SRU 000887 
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7ig« X} 9 tfaereSdce It is rffiUed an ev^nesc^t wsm^ In the ideal psr 
SQ and if tha tasc&c m edi u in has do absocptl^;^ pcc^ertsr of its onn at 
tba vaTalengtii considered/ there i& do net flovr of energy into th^ 
nod absorbitig rara: mediumr aizica the time average of the efcergy des- 
cribed it^ Pcsntisg's v^otps: . (see, for ijistanca K« scm & &« IQQCF, 
"Egi np j g iL e g df QEibics^ PerganiQii Brass (1959}) la zero, tetbacatical- 
1;^ the electric field can be dracribad bg^ the gypn ™*"tal fianetioa: 



£j ^ £iQ#a 



f d^th of penetraticii d^^, defined aa the distance required 

i . £cr tbe electric field. anpUtude to fall to a""^ o£ its valoa at tbe 

•j — — 



20 ■ 

where sA/i^ is the wavelength in the denser loediuiB and 
n^3_ " tt^i is the ratio of Oa refcactlTO todeis of the rarer ia&- 
dium. divided by that of tte d»5er nedlum* OSia meaning o£ these re^ 
l^cns is' iUoatrated &y Fig. 2 in which the posatratim dei»t^ dl-** 

25 vided ^ the Incident and reflected wavclengIA A^, ^ sflotjbed verais 
the angle of iosidence' B Sqk ^ mnber of intecfaoeg {i.e. fK di&^ 
f arent ratios of n^/hj} . It ahopld be noted that tte penetratioa d^tii 
ia cnly abotxt codHsntb the wa^Telangtb in the cases tdian the differ^ 
ence telMe» tte refraction indices is larger i«a« ^^len ^j/h-j^ is 

30^ ffffwlly this balng near tba grazing a ng l e (K = 90^) « Hsis penetrab- 
icn becoDe B indefinitely large as X ^roaches At a fixed anglOr 
the penebatlon deptii is larger in the case of small index dif£sr« 
ences (i.e«, as n^^^ aepxaches 1}« ^ pesiatratlon d^th is also 
prop o r ti cnal tc wavelengtii and bence is greater at longar wavelengths^ 

35 an essao^le if the dense ni^i.nni is «0ass (n^^S 1.5} and tba rare 
aiediun'is an aqoscns anal^ta ^1-3}^ ny^ = isfhich ocxresF- 

pods asipscKiinatelY to curve H a£ Fig* 2. b tdds ceser the p€3^ 

SRU 000888 
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tratioi would abcaut 1/3 tiie \«av9lengtb at the grazing angler theo- 
reHmlly infinite at the ociticaX angle { SO") but alrea^? below 
1 at 6S«. 

Since E decr e ases exponentially, the tregicsi beyond tbe boun&- 
5 ry interface in which the anount o£ energy for interaotlng with the 
product Is stlU signl£icaxit corresponds to the d^ith Z where the 
electxid field siagnitaae is still a reaaoQatOe fractioa o£ say 
a value of at Isfit 0.1 s^, better^ the regieci in whiob S is 6eta«e» 
and Sy3. ^VGf far optiniam interaction effldencYr the thickness 
10 o£ the reaction product film should ajijatroKimtdly ^teh tiie d^th 
* a£ that region. Tbis is illustrated on Pig^ 3 whiob shows an Inoi- 



dent CIS) and a reflected beam (H), the sero dejsth vector of the 
evanescent wave and a film o£ product reactant plos analjte , the 
thickness of which aspxcadsiatelY natdiea tize penetratlcn d^tji dp 

15 where E is about In Fig. 3r the influence of the refractive 

indes of the tdsin filA A is aob considered signiSicant beeause the 
thiflknees of this fUm do» not eaoceed the depth of penetratioD of 
the evanescaxt wave. Ikideed^ the cbange o£ refractive index of the 
rare nadium doe to the growing of the anal?te«reactant'^ f iloi in the 

20 reactioi area is so small that the asrrespociding daanse of va» 
lis oE the critical aoglfi o£ reflscticn is praotieally negligible 
&BOSBt for t±e reflecting iddc3bs quite dbose to that reflwafctng axz- 
gle. St^Eposrt to thin view which constitutes an unexpected advanta- 
ge of the* inventicn over thd pricr art can be fisund fcxr instance in 

25 the aforesaid H.z. H&BBIO; r^erei»e, p.SL. 

Awther point wbidi should be enphafitaed fbr nrnrpwrtsnn with 
tfae prior art ooncerns the efficient of tise interacticn of \SbB light 
signal wi& the rea±icn product. Ja the claRnifCTT spsctrooeteic sys- 
temsj a light signal is passed through a transpacCTt ho3der odntaix^ 

30 ^ing tte mnTyte (beaker « ctrotta) and part ^ tiie oergy is absorb- 
ed fa^f the saiple which leads to satie degree of absorption that is 
n^ssured. Slat, this Hietted is vot gartfeTOlarly efficient as the amount 
of analyte should be relatively large to provide significant inter* 
action with Che light signal under usual condltiais, m ccsitcast^ 

35 in the preset invaxtiai vAxsre the interaction of en evanescent wa- 
ve with a film tlse tiUckn^ of which c^ypradmatsly satcbes with the 
penetration of that 9^cve is invdSvedf the efficiency is considered- 

SRU oaosae 



PA(X9/$7'RCVDAT8/29/200S12:25:S2PM [Easter 



Aug-29-2005 inSlan FroirHCDONNELL BOEHNEN HULBERT ( BERGHOFF +13129130002 T-083 P. 010/057 F-688 



- 8 - 



00753S3 



''I 



17 higher since tiiece is a stcong light anpliflcaticn e£&ct in tte 
Ixiteraotiosi area, mdeedr as sfaoHn for instance in the previously 
msiticned HAHRTCK reference/ the field stx^igth of the -^v^sscerrh 
wave within its range d£ interactidn witii the analyte-reBctant lay^ 
S er is midi stronger than Uiat of the inccaning signal* This is acttial- 
2y due to the sisultaneous presence c£ both the inoooin? sod oatgo* 
ing beam aajplitaSes. 

OSie above dlacuased cptical fundamentals usefbl for understand 
ijsg the operatijig principles o£ tiie ijxvextiOQ refer to the use of 
10 ux^olarized light* In praaticer it is ing ot fc da t to note that the ini- 
tial ae^tude of the eleotvio SieiA at sero A^tb (5^ is dspesdent 
at the state o£ polarization oC the inoiagQfe light wave^ Ous, in 
sane caseSf polarized light in place o£ occlinary light can be advar^-- 
tageousl^ in practising the invention (it viU be seen herein-* 
15 after ttet is case of lo^stirijsg signal dsanges bg elLipsanetrj, po** 
lariead light is eeewtLal) and, in such casesr the various ^tic^ 
aX paraioeters can be aantroUed and cptdnddsed for mgndTWun respoose 
ax^ sensitivity; for Instance a selectioa sta a^^rcgriata incident 
polarizaticn azsgle (e.g» pdari^ticn paralleJ or pecpendioular to 
20 the plane a£ iKidace) can be made for nwn^^miV'tHfj 

£0 view of the above oonsldarationsr the following advantages 
ot the inventioa relative to the price art can be fiUly acP^eciab* 
ed» Thos, in tise case o£ a test iwolving one particular speoifio 
reaotant an analytef the tddckness of the product- lasrar will usual-* 
25 17 be determined t? tlse re^ective size o£ the product igdlecu3es« 
Ste instance^ in e tssial ImiBSsaasss^f the product Jajgs: ub^ be cona-* 
titcited of a first film o£ an antibods^ and a sesond film o£ "an anr* 
tigat. me thickness of tiiis tio^ range depending cn the Tnolfscale 
pes from eevKal ang atruns to several hundreds of ^ Sngstzfims or zoo- 
3Q * re^ Mcv, in viev of the tfaJcieness of the las^, the index of refract- 
im of the core ssy be selected and also in acne eases the ^elengtb 
so that the abo^ discussed parameters will be toatched as mnch as 
possible. To give an gxanrgle \yz of lllustratian^ if the layer 
involved is relatively thin, omes with high refractive indices will 
35 be selected (ior instanfier sap^hirer n = I.87 siliCQlw n - 3.4) and, 
i£ with the <Ttf^1ffffl processes involved (i*e« absorpticDf 

etc.), shorter wavelengths will also be 
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selected. Tbia will peEinit ntbiiTniring Integactlon of the evanescent 
wave wltls regioos of the analyte soUttticn da^er than tbs ^dddcoess 
o£ tbe spsce where the analytical reaotdlon la taking pl^/ thos 
niinizin^ the Sa£lcKencd o£ undesirable extraneous factocg (bacKground 
5 a^ise, pceseaice ot In^xirities in the solntion and the like) • obvious-, 
ly, ncne p£ the Toethjfla c£ the prior art can achieve such poasibi- 
litiee. It dboifld also be tepb In oind in depreciating the di£fer<- 
\ encBB^befeD9eeti tte present Israsfaicsi and the ptior as^ Where tte tAiick^* 

j ' nes3 oC sheath extends well b^ond the pa^tratlon of the evar^ 

1 10 Descent wave (wbersiiQf the refractive inda {^2) ^ sheath becc^ 

J fiksts detetminant in contrast with what h^gp^is in the invenfelen) and 

I in «i3iid) n2 la nada greater t±Bn the inda 0^} of the oece^ that 

I tte Ugbt signal initially Injected in tiie ccire and re£rected into 

tte eheath will not readU^ reenter into tfaa coca and be present at 
15 the Qi^t thereof as a^xarsxtl? beUe^fed by soae (see fior Instan^ 
ce WD el UO 912). ladeedf ^then a signal tramllin? in a 

^ rarer madlun snnounded ty a denser loediuar reCracbion of said light 

I signal into the sheath will occur. Thi^r this refracted w^ve will 

' be totaUy reflected ty the outside boundary of die sheath and will 

1 20 bounce bade toHard the cotB. Vsaa, since the index n^ of that core 

" is smalls than tiaat of tiie sbeathr the wave will do either o£ the 

two folloiiing tbisgsi if the incident angle is lar^ tha& the cri- 
tical angle, the wave will be again reflected and vlXl stay defini- 
tely in the sheath* if the incidaife angle is sntaltor than the crl-» 
2S tical angler wave will 90 thrcw^ tte oqeq and penetrate on the 
otter aide into the she^ and eo on. SOf in no case will a wave oti^ 
ginaUy injected into tfa^ core and having h&sa refracted in the sb^th 
^tucn solely in ^ coca and be present therein at the outpot of 
the core it is still ^urxocnded by the sheath* ^Shis is per** 

30 ^ectly illustrated in Fig. 38 of tSB 4/050,895. No s hortT.Ttnlng of 
that sort exists with the invention in wbicb the light signal 
an3y tavels within the core and not in the outside lay« oontatn* 
Ing ti3e reactant ssciA analyte^ 

Ibe cptical changes involved in i±B i&edsad of the investion can 
3S relafae to different kinds of phfaflmenay to instanoey the EolLMlng 
phenanaia be invoLveds absorption of the light travelling in the 
er scattering of the li^t signal tiie reaction product} floo* 
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' rescence of the reacticsi pcodoct upon wdtakim bsr ths light slga- 

* al in tte oore. Furthar, tbe eseitatioi signal In the core can be 
polflrtopfl snd eUiptici^ pniai*i'.>-iM^fi f^ctocs may be sabject to xdd- 
dlficatloa b^^ the analytical reactic^ and be nmitaced, Each of th^ 
5 sa pcjssjbilities are disotosed in iDCBre detail hereafter in this sg^ 
cifimtim, 

the tspes q£ analytical nfiagaremmtB viiicb can be acccnplish-^ 
ed with the present method are so tamf that it is practically iJi^QS-* 
: sible to list tbeSL alX. Simevevr a £^ gTBRrrpTefl vUl be givex heren 

* 10 inaftet b? ^ o£ iUostration. aawemr, befwe going aiff &rther 

ia thi^ dlzBctlQa, it is use&L to derelq;^ acaeuha'h the fimdamentalfi 
pertabning to the agi^licatiesi oE tiie imentloci to <n±Bited reagsit" 
and 'excess r^ent" Qssa^ desizably used in biological sxsd diagnost^ 
Ic anaXjeis^ Bar the puzpose of aoA di^nnssioHf we ^aH oonyentioR- 
15 aUY cal^ the aoalYte the • **antigen^ sG acd the ^^eaigent the "antibo^ 
J ^ HgffTljPi^ss to d«y tisb tte revecse ccndlticn is also valid. 



I "Excess reagesst" assasr refers to cases in ^hlA an exxsas of 

I a reactanb in reject to the analyte is used« '^Lisdtsd reageat^ 

I sentiaUy in7olvea the use o£ a ss^tsm in which the 't^t subataice 

,1 20 or analyte (cwtaining tha antigen to be nteagmred? is treated with 

a lindtBd amnk of a ape c iS c reagsit (tixer antsbodf) to give en aosr 
lYte^^aotant pEc d oct (a«g« an pb^sb coirplgac) pins sane residoel ana- 
l^te. vasan -i±e re^ticR is aUoved to go to cxinpletJm«» i«e, i£ i±e 
aas^ psooseds to egrrUfhrign ("saturaticn assas^ , that is, the li-* 
25 siitliQ conjugate recent (SB) is ratusated wltii the anal^f it ia 
neceasae? to addr pciw to Oe geacticBi (CC/ in segioential asa^r 
j at sooe time beScre the final eqjoilibrium is reectedr i«'e, price to 

'A maasurement} # a. fi^ed anount of a labfi£L2ed Sooi of the aaal^te 

I to the r^cticn mixture being under test. £te the exanple of an an- 

30' tign to be assased with an antibo^ reagent^ tiie proportiaa o£ the 
I labelled antigen (293^) to the mlahenpd one (unkncm) shall stasT 

1±e same in aaid residual anal^te as it was at tiie start* Since the 
kwwn eaoonnt cC iffl will bind a kncrai diiriTn t of tbe AS -h aG^xidxb^ 
urer it suffices to deteonine tte residual PG"*" or tiie aq' bound to 
35 ite AS Cb^ means of its label) to calciilate the amaont of AS origi- 
I nallY presnt in the san^le* b give a siirgflified essple/ si^^cse 

I that the Hgaple cntains x eqqival^ts of an en^jsoa (SG) to be losas* 
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ured Inezes o£ a knoNn womb ^ o£ an enzj&e eonjUgate (2SB) . that 
fodos an cmplpx (witb/ Sac Inatancer a 1:1 mnlpnilar ratio 

of both coxicjonents) . Allien/ prloz: to the reaction, a equi5;ral6nt3 of 
the same en^yioe to be neasurod but in OabeUed fom (iVS^) are a^aded 
S to tte single* 'Sbas, in the ooucse of the reaction^ a portloa of £ 
eqoivalents of antigen -i- iys^) Is oonsuned t^ tbe £ equivalfnts 
of antibnfly. Hdv, after renodng tbe crmiplesi: fcooi the idxkure, tte 
residual i\G^ is adcertainedl bf cotventiaial means* If it 13 foundf 
bdf aubatraotixxg tbe value measured Cor the rtanaining ^ t that the 
10 anounc actraUy used was b ecjuivaleRtSf it beo^nes evident^ Binr 
ce JU5 a:d ere dsmlcallsr iaaenticaL aod cunfflinffrt st the sane ra-^ 
tdr that tbe ratio of cesxauBed AS* to omsmeS iCr i-e» b/g-^ ehouia 
be eqpal to tbe ceigiaal ratio a/kr whiA x » a(g-b)/b can be 
calculated. 

15 IhiB tspe of aEpgoech is qoite attractive althcughr in the prior 

act asEiiLlcatlcxi3# it suffers £eca scne dcawbaokSf one of then being 
) tbe general requlreoent thai; tbe oaipXex (mfaetore of JSB 

must be separated fron the rractiCKi medium which i£ sonetdjoes tedicus 
J and a pogsible sooroe of errors. NcWr ^ab^ aj^iLied to -the preeent 

^ 20 inventionr this dr&wbaclc is noo-existEnt because the cnnpleT that 

^ fbnns autcroaticelly regooves the analyte tixm the solaticzi ae it tfe- 

pcsits cnfaD ti^ vave-guide. Ta iUustrata Ite ap p li cat ion of the pre- 
) aent nett^ to "satmratioa tsp& ass^** shall again begin with 

a wave-^pidef say an optical fiber ooated wil^ a pacific a nti bo t^ 
25 AB which is ijnaersed izxto a buffer soluticci and aUcwed to eqyitli- - 
brate with it. Oe unknoun anouat of oonpljemeBtary antigen £G to be 
: deteoidned is thaa add^ as before but siizsiltaneoi^Jy with a Known 

, asall aznount of same antig^ iRhpTlpfl witii a nnTpfTnle having sg^r- * 

eific qpfiical propectlea ttG*) e.g* cptical aissocptimr fluorescen- 
30 ce, etc.) uhidi nay be detected by the eva»scecit wave interaction 
at tbR raTTfffftffc of the ooeted fiber using suitable optical arranges 
vBsats to be described in this specification. ifcWr since both label- 
led ^ unlabelled AG are essentially identical in ceectivil^ toA^arda 
the AB^Qoated fibre opticr but only the labelled aip e o i es can be de- 
35 tested via its labelr tbe apparent dbsoge in the optical property 
detected tbrwgfa the fibre (e*g. fall in absorbance if an absorbing 
label id need) viU be inversely proportional to the uiriotoun mnnm- 
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tzatioa o£ £G and can be detemtLned with ref ereoce to & suitaULe se^ 
ries oC icncwn standards, o&is idbod of s^llcAiaa Is tlJjustrated in 
am o£ ttie Baeanples heteuafter. 

^ this point it is uiSoful to wsk& a dear statsnent coneero-> 
S ing the label us^ to nisasure tbe reaction ttmt takes place* Sbrni^^.^ 
Ij, ixi imnurxsassags^ it Is not: passible to measure tbe anal^te di« 
teetl; because tbe coDoaibatiats -of anstlytes asid reagents are ex- 
trenel/ 1cm. Since the eguilibrima tidxture in limited reagent SfWyga 
essentially ooly ocntains excess analyte and a fixed amount of bound 

10 csoapljearf when t£» :forner cannot be nseasored direotl; and tbe latter 
is a fixed asetint:, no qjtaantitativa estdnatim of the ociginaL anar 
J^fte GOneentcatlQa can be obtained evw afts se^eticn qS tiie cod»- 
plex acd the excess antigen. OSaa added labelled trac^ (a small <jQan^ 
ti^ of ,l,abellfgd anaXyte} is necessarj to allo^f measor&i^t; via tbe 

15 label, asoocding to Its distriboticsi between the bound noieQr and the 
free iTDlel^* 

X£ aoslyte, hopeveTf hsm an intrinsio i^cc^sty tliat oan be 
detected ^gtien it is coooentested locally (i«e. in situ separation 
and in situ o^ioentratiicn} # e.^. on tise sur&oe a£ f fiber qptdc pro-^ 

20 bdf then the adolitiea o£ a Inhpllpd analyte tracer is no Icoger ne^ 
eeaary^ ttns, in i±G preeent iznaition^ tbe in sittx concentratioQ 
of tte ana^bjfte^eagent.^ gaigJea say allm for tiie detectacn o£ the 
analyte \9itboat resort to a labelled tr«t03r« Hcwerar, local concen- 
tratim of the ana2^irte reagait ccnpliitfc (since the anoont of reagent 

25 is fixed) vUI not allow tb» quantitative detecwination of the ori-* 
ginal analjfte ccttr?iHi' * T^ Hrfc n pt^t^^^ws^ the reactica beb^en analyte and 
reaigest is m^sured kinetically or unless tbe totel m i auu L of azsft 
lgti& i& lese than tbe xmtec of reagent faessding sites, ffiusr using, 
tis in situ ae p a ra ticn and cnositratim c£ the ccii?lfty bound aoar^ 

30' ^srte ia eenjinatiaa with a sensitive detectloi ^^^sfaesn in the kin^^ 
tic node as in tise present in^eatlQa allcws (jpantitatlve detection 
of tbe analyte in Jimtted reagent system withoot resort to a labels 
led tracer, 

, As far as labelled qyetens are Qenoemed» a diatincticn can be 
35 dra»n between tracer ^s^tana in ^AdA a labellfld vosion of the ana- 
lyta is added in trace aocunts to tte reacticn and tte labelled ce^ 
gent gygtenr? in vhio a label is athsrfipd to the specific reagimt. 
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iSm fiKoer tr&asc reagent is ncosally used in lindtdd reagsxt assays 
(d«g. sta2x3ard radio innunaassa^) , wbite the latter Is nannally used 
in excess reagent assaijfs (e.g« stardard sandbirich assays) and can be 
used in certain fomts of kinetic reagent assa^ (e,g« KBCDQOC et al^ 
I 5 t:sp 3,939,350); labelled analyte and labelled reagent syutans 

grjjlTiW'' for tiie present invention l£ the label used is enable of 
being detected In an cpfcical wave guide system (d«g« a b eo rMng or 
fluoesoant labels) . 

Sbr the v^ext pert o£ the digouasionf re&rencd Will made to 
10 another iwt of the annexed dealing in which 

Fig. 4 is a diagram iUnstrating a SLxst Qpe of assay callad 
**direct tjpe of assay". - 

Fig, 5 is a diagram illustrating a ooopetitiva "limited reagwt* 
type of assay. 

15 Fig. 6 is a diagram illustrating an indirect ooB^ietitive "li«^ 

nited reagent" tsjpe assay. 

' Fig* 7 is a diagram illnstxating a segaantial "satHzatioi" ty» 
ps assay. 

^ Fig, 8 is a diagram iUnstrating a "sandwlxdi'' type a^ay. 

20 Sie most fitraigbtfocward case of assay to wfaicb tfae in^/ention 
is applicable is scbenatlzed on Fig* 4« l!fais is called the "dizectP 
t^pe as5ay« In this assayr a vave-^uide core 1 of viiid only a fKSctr- 
icn (id^th refractive indesc n^) is represented is provided with a film 
of anteiboay AB and this core is ianersed in an analyte solution hav^ 
25 ing refeaotive inde^ (n^> n^) 'ccntaining an antigen ACS? to be de- 
tscndned. Use antigen will atfcadi to tiie ab nnlecales at a rata pr^ 
particnal to the antigen ooDcentraticn Qtf?^ (since the amount of 
2)S film en the core is a fixed entity) and when this rate is deter^ 
jstnedf it can be correlated with standard rates obtained £sm cali-* 
30 tofattog X solutions and [ac^ can be detennined, 50r the amount of 
JIB availabLa can be ('limited" or it can be in aaccess and the reac^ 
im can go to an egqilfteitmu Ibr detecting the SBr-aG cosplax form- 
aticn \^ means of the cptical changes occurring in the eore# the vsr- 
rioos afnesaid tectxnigjoes can be used (i.e. extinctim of the sig^ 
3S nal by absorptiair scatbecing and fluoteaoaice phenan e n a» etc**)^ 
provided the focmaticn of generates the required optical c±ar^ 

gesi» Sor the test applies , particularly well to large molecules able 
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to scatter Uqbt or bavisg observable ggrcpe rti es at detsndned 
veleigths or emitting fluorescence under excsitation by oertaiii war 
veleaagtte. If socb .pccpfirties are missing^ then l±e test is of li^ 
tie value and a ''limited reagwt" cxmpetltlsre tsp& test 3haU be pre- 
B ffegahle tised with an ai&oisit o£ labelled ^ added to the ana^ 

l^te. ^Ehis is illustcated in Fig* 5 in which thq signs (lettecs and- 
nisnarals) used ace like la Slg. 4. To, this bastf the amooat c£ 
needs not to be knomi provided it is standardlaed (i-e/ alwes^ cans* 
taut for a set of calibration carves and tests) since i±& rates o£ 
I 10 the anaSjfticaL reactions with various qoantlties o£ 2G7 will alw^s 

i be- in direct relation to the AG**/^ ratio (being natural Ty kegt: In 

mind that tba obesvable optical dbange in the wave gtiife Vm ^ aor 
l7 to the IabeJ,1f?fl z^qticQ product Jffl) . 
• - to rootfaer very oaefiiL variation of the "limited reageaf* ^ 

^ 15 pe a^a^f tbe wave^ide oore is coated with a knpim. or ftKcd anount 
% of the saaie antigen (preferably in pure fornQ i^idh should be deter.-^ 

4 SBined in the analYtica}. sas^LSf after iMdi the core is contacted 

with id:e fsaniplH. and, siMLLtaoeously, a tixed amount of free detect- 
able antibee^ is added« This is iUusteated in Fi^. 6 'in which the 
^ 20 signs are same as used befioce. It is seen on the figure Oat the 

' re&conce »iWu.H ji i L of antibodip AB wilL sinultaaeoosJ^ react wlt^i the 

3 r&S&e&CKXi m OL tte dare and witSi the iM3? ba meaaored. Ihasr the 

^3served rate (as deleted b; the optical dsanges ex xtAtr ing in the 
core) wilJU be related to tta. AS/SG? nole ratio and correlaticxi with 
25: staadocd r^Sarenoe ratft cocoes vilX provide tfas desired resnlts. Ob-^ 
vious^/ in this case the AB mst have observeble prpperties in tte 
optical method used for the testr i*e. ab can have ahsorfaence af soit^ 
able A'Sv.or b& adapted to scatter light or the like« Alternatively 
i£ AB is zvTt directly cteervable on the guid& vhen reacting with 
. 30 .It can be 1nhe11i?T3 e.g» mnpTi?ri uitik a f lnor e aceftt or assf otiier opti- 
,i oallsr detactahde ^label* 

Still asotter ii^l^res tiie scT-called soguential testing 

illustcated by Fig* 7. Jb ^-^^-^^ test, there is provided a core with 
a fixed anouob of AB, l±is aoount being in ejcoess of tte oocre^oo^ 
35 ing egiivamcy needed to bind ttei AG? to be detasnined* So, in a 
first st^, the coated ooee is contacted with the sai|9le ^^tereby tiie 
i availahLe AG? is bound and tins r^bved fma ti» saogle, flten tile 
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ccare ia Gmtact&d with Iflhftllpd na* which will fill the voids in the 
antibo^r 1^3^ on the coce. Measuring thereafter or during reaction . 
the optical changes due to the label of PG'^ will gi^ the necesear 
ry data for calculating the original amount of AG?. 
5 Winalljf the pr^ent irrvention aUo a^^iUes well to the assay 

case called "sandwich" assay relating to the detenMnatlcn of anti- 
gens having idoce than one bonding sites for antibodiesr i.e* anti- 
gens having sites nunfcered (1) ^ (2) • • • (ti) Capable of bonding with 
1, 2 or n different antibodies « Qais is scb^satically represented 

10 en Fig* 8 where the first antibo^ is indicated as ABl, the second 
anUbot^y as AB8 and a two^te antigen as (2)iU5{l}< In this caser 
it is assuaad that the antigen is not deteetahLe per se optically 
whereas AB2 is detectable after reacting on the d{ j j?LOpi, iata second 
site of AG. ThuSf in tisis case in whic± {2)»3{1}? is to be detesnin** 

15 edy a core is used with an initial reference coating of a first ai^- 
tiboS^ (201) and is ccntacted with the antigw sdaticn. !!9ie latter 
will thus hind to the core by its first binding site after which the 
second antibody ABZ in refer^siice ainauz^ is added and its rate of bind- 
ing on site 2 of tihe antdigon is oieasazed in view of the optiral ctaax^ 

20 gas oocurring in 1±e coce as the result of this binding. Of course 
in this procedure, the first reaction ABl ^ (1)AS(2} can be allciH- 
ed to go to egirfUhrium. b e fi or e adding the refsr^noe qixantil^ of ^Si; 
oHf altematlvalyi. a siimiTtaneoas type test can be u n de r takenr i«e« 
the AB2 can be added to tba soaiittm sisniltaneoiisly with tte oontact- 

25 ing tisreof witb the axSL coated guide core* Ols is parti£3ulsr3y ap- 
pUfmhlP ttere AE|^ and 2^ are diffarmfc dcnodooal antibodies (see 
fbc exas^ile^ ITOTTA et al# Giaimal o£ SxnojinoIogicBl Uatiiods 42 (1931) 
11 - IS), Alsor any variations of tiae afore diascrlbed assay ^tem 
can be adapted toy those skilled in the art without ft^orting fron 

30 tt^ spirit of the invention^ the operatit^ parameter of ai^ of such 
varlotljan heiz>7 defined with refereitt to calibratdng sdutiGn san^ 
pies o£ the analyte* 

Eacanples of davices £ar carrying tiba various embodiments of the 
method of the imenticn in the fields of optical absorption/ fluo- 

35 rescmoe and scattering as well as ellissocoetric ineasurso^its will 
now be prysen t e d with reference to a subseqiient part of the acocm- 
patting drawings in vAtich, 
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M^- 9 19 a scfa e iT B t i c c^cesentatioa c£ an c^E^abis £sc joeasuv- 
ing XR slta changes in the light signal trav^OUng tiu»ugb an cgtic-* 
' • al fiber caused fcy tte d^pcsition of a cnupXex film cm said optic- 

al flb&Cr 

•! 5 Pig. 10 repc«nts -schBinatically on an eacaggecafced scale, a £L- 

ber qptio prcbe ttsaUe in tS» c^^pacatus Fig. 9; Fig. 10a is a pairt^ 
ial tq^ view of said prd^e and Fig. 10b is a side secticssal viei7 tfa^ 

, recsf along the line B-B ot Fig* 10a. 

,1 ^ Fig* U is a schsnatic representatim^ on an enlarged scale, 

10 of anOfBhee pcoba ^dbodiment particqlar3y ads^ted ioc ligtit irode v&- 
vj siatios aeasusemaits^ Fig. Ua is a fcont ^vie^r and Fig. Ub is a 

^ side vlew^ 

.rj Fig« 12 i3 a diagcaniTiatic r^es^«fi&tion of the light signals 

4 act the detecto: ot &^ ^Ega ra to s sindJar to tbat in Fig» 9 but used 

% IS fioc flimrenfynffff- mPHBiirementSt Fig«' 12a canflems. the sitiaticn 

J , fbce the seactloa ia stacted. Fig. I2b concerns the situation sane 

time ducing the test. 

Fig* 13a C€£TOsents ecb^natlcaUs' {tcp viesa) m a£rparatu5 £w 
loeasoring optical dsanges caused in a wave guide bs" l.ight sca tter *^ 
20 ing» 

Fig. 13b is a lartiaL sdieoatic site vi&i at ^ asparatus q£ 
Fig« I3a^^ 

1 Fig. 14 r^esents stiienaticaUy csi an eaesggerated scale part 

o£ a imfllfiratiBn a£ tdse enfacdinient of Figs I3a and 13b. 
2S Fig. 15 rei^esmts srfymHnflng jaact oE anotbar mSification 
of saii^L eu^udiosnt. 

' Fig* 16 repcasaxts sctenatically an aE^airatUB for measuring 
tical changes caused in a wave-guide fmoresceoce Ebencmena. 

Fig. 17 repcessnts sdierotically on a ms^ exaggerated scale 
30^ ft pcetion of tte aEparatus of Fig. 16 to shot/ the angles oC reflex 
tim of tiie incident aod fZuwesceDt- light imdLv&SU 
\ Fig. 18a roepres^its scfasnatlcally (tqp view) an ag^oratus for 

, measuring eUipsonetricaU^ optical ^langes in an optical fiber caus^ 

ed bp the gonnatign of a oaQdes f i3jn on said fiber* 
j 35 Fig. 18b Is a eeoss-secticoal viev o£ a pdeticn of sudh &e&^ 

:.3 ratns alcng line irh in Fig. 18a* 

!*3!he ai3?arato8 sfaoBan sdienaticaUs' on Fig» 9 essentiaUy caspri- 
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ses the fDlkx^lAg ocanpon^ts: 

a) k £ibec cptoc If tbe central part q£ whloh passes through 
a oontainer or cuvette 2 £br holding a liqulra analyte to be deter*** 
nUjied; tbe cOadding o£ i±e tib&c seqticn iiondCBed in th^ liquid has 
S been r^ooved to that this secticsn can be coatedf be£ore pperationr 
with a tbin fiLbn o£ a qpeci£ic conplexlng reagent ^ the spedLes di9^ 
sol,^ in the liquid and ii^ich should be detecnilned, *ttie ass^ibl^ 
of the fihet 1 and tbe holder 2 emstitutes tbe test probe cS the 
apparatus. 

10 b) A chpppec dlsfe 3 rotated tsY a roiaoc 4 aiid provided with two 
dlamgtricaUy exposed windCMS with Hltera 5 and Br plus a hola 7. 

c) A main light soozoa 8, a rt>niimHng leas 9/ en anrailar spec- 
ture 10 and a fioouaix^ lens U Sor injwtixig into the probe £iber 
core an angixLarly selecbad light beanu Xn this particiiLar eubodiaentf 
15 the £iber is umltlaode and the e^ecture 10 ia arrengod for pasaihg 
specific nodes acxording to some requirements to be discussed hese- 
i inafter. Bbviever, with loodifioatlons to be fdrther disctssed later 

^ the pres^ a^^aratns can also be osed in ocnjuncticn with ja^ 

j de fiberstf e.g. single mode. Hie &cuasing lens, represented s^ic- 

^ * 20 maticaUS' en the drasiing is actually an optical ssfsbm analogous to 
a QicroBcope cbjjectlxra bat vhicb can be adjusted, in addi t ion to its 
dlsplaosmsnt along tbe qg t ic a l path, side»lse and up and down Sac 
accnrataJy poeiticning the beam in £Eont o£ the fiber front exA, 

0} Tbmr tibe e^parabos conprises a aain light detector 12 £or 
25 traosfioming tte exit Ugbt signal froa the cc»:e into an electric 
signal, a l9cte*in anpllfier 13 ai^ a displasr de^riee 14. h r^eren- 
CB signal is also prodded by another source 15, the light o£ which 
is r'^'^™^ by^ passing through hole 7 o£ tbe ch0£par and directed to 
a detector 16, said detecbK then appl^riiig carreepcssding electric 
30 poised to tte Xocl9*"in arrpTlflprr 13. 

One entedioent a£ an analytic probe osable with the pressit ap- 
paratus ifi depicted on Fig. 10 (Figs IQa + 1Gb) which dtoMS a plastr 
ic bolder tank 2 in two (%^ite sides of which S shatped grooves or 
slots 2aa and 21h have bean cm. K po«tim c£ a fiber optics 1 wit^ 
35 its cladding 22 has been insarted Into and is belxig held said groo^ 
ves« "SbQ cladding of tbe mUldle portion o£ the fiber has been esdo^ 
ed, £ot instaaoe, ^ etdiing with a suitable sdlvent, and thereaf'* 
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1 tec oOBtad with a thin f UIjd 23 o£ a ^ecific ocngLex cmjujgate of 

the species to be detemiised, sucb ^ocled beii^ r^tesented the 
snail ajuares 24^, 

The descripticxi of tte cperafcicn of tte pces^xt devico thea ©A- 
5 lm67 Filter 5 Is fi£St selected for passing tiicDogh &b core a wa^ 
velsngthX;!^ «blcb Is 3noai£Lea atsxxgtSm at each totem^ reElect* 
ioa site becsause e£ absoi:9tiQEi Q£-pact o£ the eronascsent vamt tgr the 
i coating o£ tte cvjipiffl jnat^lal that: will form between., the film 23 

and tha dissolved nidleculas to be analyzed 24. Iiac lUustratiTB par- 
10 poseSf it ifia^ be said tbat 23 r^esetxts a ver; thin layer o£ an az^ 
I tibcdsr (ffi) and 24 ji^pressents Tnmlenila'y o£ a apecifla antigan 

/i to be aetBrmlnf^r tte assa^ beixig o£ the "direct t^p^ kind ijlua- 

j trated cn Fig. 4. Filter 6 is selected £c3r fassisg a wavelength X2 

j thsoiagh tte ooce that is essexstlalljf &Dt <^:36orbBd fay audi cc3gp1i>it 

{ 15 ocaatlzkg and heaoa not a£&sct3Bd the iiiingnolcgical reaction ItsndT*- 

J ed* Siusr vfaen the e fa o g g 3 rotates two algnals X^^ and X2 are al- 

4| temately fed to the pr^te core/ one signaX X 3, that will be progress 

y slvely ffhsnrbpr! vith grow th c£ the coating 23 ^ 24r and another sign- 

al X2 which will ^erve as a refereoce signal i«e« toe calibration 
''^ 20 azid ocneensatioi pufFoaes (o^ oc fiber ceplaaesDHitf etcO- ^ 

probe is pr^ar^ hj geleotijsg a Boitable lengtti o£ optical Sober 
1 On&ltimode in the oa^ shown <xi Fi^. 10) / inserting Xt into the groo- 

ves 21a^and 2Ib so that, the ndddle -portiGQ is teld iwissontal in the 
ctneftte 2? ««ater tightness is progided bf^ then filling the grodoes 
25 with a itittaee groizb or cgnent solation and aUoHing- it to dry, d» 
the cladding o£ said middle partiozx is etebed sh^j* For a resin dad 
fiber, this is dme with a agitable organic sdbrent for this clad- 
ding; &c a glass c^lad fiber, dia etcMng la performed with dilsta 
hyg po g lagic aioid* in this last csser it is nob necessary that the 
30 ^ cladding be etched cnfrplrt elr for reasms eirplmrrpd beIow% Tb&ck, af«<^ 
ter the dissolving or et^iing solution has been rsao^ and the cell 
cleaned thoroughly with distilled «Qterr the fiber oore is coated 
wit^ a £Llm o£ antibo^ bf usual neansr i-e* t^T filling the cell 
with an eoXudLco so that fiB deposits wto tt» core as a uniform 
35 l3S^ li£, ax? chance, the surface of the fiber has not sjtffjpent 
affinitsr for the nnlf^lp to be d^eiaited thereon, it can priorly 
be nBde bending the qjecial treataoeats lojpm in tdie art, e«g» grafb^ 
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' lisg bondiz^ site^i^ applying an Intecmediate reactive I^fer^ etc,. 
Zn this re^pectr an abundant literature exists m tiie sutjjeet (as 
dlselosedl in Eurqpean Patent iRppLicatifta Kb, 294X1), After enp^ying 
the cell end rinslngr the latter is iDourtted on. the apparatus at the 
S plRce indlcateia bet;^en the lens 8 and the <3etector 12 and a suit- 
aULe buC&r solvent intrcsduced therein. Ihe a^saratus is then ac- 
tivated and the cbCEPw is rotated at a convenient speed, e.g. 120 
rpiu The signals Xj: aid a^e fed to the core o£ the peobe and the 
detector 12 converts tbesn into ^sproxhsately squared electric pul- 

10 ses v«hic^ an fed to the lD^)^-in aiipli£ier 13, A. reference locking 
signal is also provided onoe ever; tnrh, via the heOe 7v by nmcoe 
15 and detector 16 enetiUng the anglif ier to dlsHngnif^ (ly coii^ 
cidence) between the pul^ firtan and ^ practice, the oontrbls 
are preferably set up 80 that: ti3e said pulise^ have abctjt the same 

15 magnitude before startiiig the reactlcci* Then, at sero tijne, the sam- 
pie to be ana%r33ed (a saOuticci o£ ACS) is added to the cuvette of pro^ 
be 2 and nixed rapidly with the bufflsr (fior instanoe with a stirrer 
or a gas buthtlec not sboGoi} , %e signal due to then starts to pro* 
gressively c±ange at the exit of tl» core o£ the prc^,'as a ociise- 

20 qsissacst o£ the Tmlpntilprt of the anaJyte AG binding to the tiber co- 
re (£or fuTllding the ooncalBx} and said onn^flg afasorbizig a pert: 
of the evanescent t^ave energy of A^, at. a rate prppoetional to the 
ooncentratim of iSf oo rr e s ponding variatiois- being pcovided to the 
aneUfier in the £am c£ the cocr^paidlng electric pulses fron the 

25 detector 12« VaoBt the ccnepiting circuits associated with tte lode-in 
an^ifier 13 will cenpufee the data resuLtiiig tsem tte raldo a£ the 
X^/\2 signals and provide tibe results to the- display ssstan 14, foe 
install in the form of a rate curve recorded on a chart (of cou^ 
se, any otter <3pe o£ displ^ cm also be used if desired: digital 

30 or oscillGScape, etc.*}* Q^a obtained rate data are thereafter 
pared to standard data obtained froot sduticns ^ of known 
centrations and tte unknown ooncgiteation is provided by interpolate 
ioD* Such calculaticns can be made manually or can be done ^utaast^ 
ticaliy tr oeans of a ai ccuuong ttter, the reference data being stor- 

35 ed in the neooey thereof. Eg selection- of ae^rapriate p^ioda dur-» 
Ing ti» time course of the reaction, desired reactim rate da- 
ta can be selected and distingui^sfid frca other rate data due to the 
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teacticn o£ interferix^ aoS nzadesired ceacticns i«:ooeadlng mote oc 
less atowl teTiw usI y but at di£fer»t rates. Jldditionally or altee- 
nativelyr the eqiiilTihrium conditlcns cari be derived fay escbr^^t- 
12^ and by this tbe tixnB taken to do each i&easureRisnt in ooqparis^ 
5 on wxtii nocsal eguilibriuni loeesucedisitd is reduced* Fuzthsr asnsl* 
tecatlon about bhis (juedtiaEi can be £bund in '^Bineklc ^sufi Bgui- 
libeiunt fifethoas o£ itaa];?8ifi" by B,W. XS&SQB et al*, an "Q^tci&gsH 
finalysiB in diniCf^l Cti£9id9tryf SBZCB ^ SEEITSIl; BEABGBEl (Id80) and 
AnalyticeO. Ctemist3cy 50/^2 ^ 0979) r 1511 - X61B. 
'id It Is usefiiL to note at tbls point that the secisitivit? a£ the 
seasuEaasnb& can be ^wied d^s)d±ng oa the.li^ »ode ocders ^igiLied 
to the £lb^ Irpit, l^e. diangizig the sperture 10 annular setting 
and width, ^is is easy to undecatand when it is Eemenfaered that the 
afasoqeticn jlsenanieQai pertaining to a totally reflected teem inside 
15 oC a coce and dbe to a cHadding oiztside eajd core only affect tiae 
; evaneficeat cc «c^c>^it- of said beam, i,e. ti» electric oon^cDsnts 

I ]^enetratlng itito the dlsS^ixa^^ ttuSf the total reflection dngl^ of 

i tte MjJas seleeteci mst be ehaUc^ enough with regard tc^ -th^ fiber 

axis to ensure fml reflection (even when the refractive Index of 
20 the agjiaeous ftnUnt-jm is slightly modified by tiba groodng of the coat- 
1 ing sorrounding tbe fiber osre) and ste^ enough to provide a 

\ fioient density of reflecbiiag sites along the fiber (indeed, it. is 

j cnXy A such siiss tiiat the evanasceot wave is intecsct:lng with, the 

1 aea^Lex ooattng) * OlbuSr- a test sensitivity qptioizatiai can be reaA^ 

: 25 ed by praeerly ajtistlng tie aperture paranet^r this being de^sidr 

'I ent en the respective cocer test solixtioti and mffpLog refractive in-^ 

dices. Such adjustments can be detPTTin'ned b!7 ^^lose sidlled in the 
; art for each tjpe of sseasurem^ts and can be then design incocporat- 

ed foe tiie intentim of field cperatore. 
30 It is also interesting to note that by dianging the settings 
* of the ^ertiore 10 parametersr tte present asfpezatus can be cade to 

operate in a differaot "eXass". For isstancsr by properly adjusting 
sacb Q^pertore, the aq^pacatos can be made to cperace wit& light no" 
6ss in the near vicini^ of t^e critical aopLe of total reflection 
' 35 for the Starting sy^t^ ccnsidered, OSsenr in t±e case when in the 

coor^ of t}^ test the differsice An « ojfnj shall, decease with ooor 
plex focnatlon, the angle of total reflection at the eue-ooating 
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tamriasY will daasge such that seme of ttie ncdes [or all) will be 
saSS&Ay refractBd outside the fiber azid st»rp cab-of£ oC the sigz^ 
al will occur. Such acrangement wiU ia^e£a:e provide utznost sen- 
sitivity for very saoll aioounts b£ analyta ndecoles. It 1b hotfever 
5 i&s well a&pted to qoantitative iceasuresn^nts. 

It baa been said abov*e that^ wben using a glass cLad £iber 
io, stxch cladding need not be ntirely etd^ed awey for t3» present 
use. Udeedr since during qperation, the eyanesoeixt wave will actial'- 
ly penetrate the cladding a £ew tens o£ nmr a residual glass clad* 
10 dix^ around the core witb 9 tbicteess below that neoessa^ Soe tiie 
evanescent teve to significantly interact witii t^e reaction a&tecials 
is still posfllble i^icb in^ea less stringeist contaol ocnditions 
on cbe etching operation* Also, tbicker fibers are less £cagi3j& i±an 
thinner ones. 

15 A type of fiber boLSer that will imaltlply the sensitivity of 

tbfi test tsf A large factor is pictured setefflaticaUy on i?ig. Ua and 
b. This holdfig consists of tm l^UcaUy grooved flanges mde of an 
^ inert plafftin (plexiglass or polyester for inataif^) on which a piece 

of optical fiber is vound and dancted ty dan^ 33 and 34. ^Ibe front 
20 and bedf ^ids q£ the fibetf respeotively 35 and 36r are b^ side- 
ways so as to be usable with the light irdseting lens U and detecb^ 
or 12* ^Oie midrne straight- sections o£ the windings 37 of the fiber 
are bare while the remaining curved sections 38 resting in the grooves 
keep their original ^otective cLadding* oihe etching of the bare port- 
25 icDB is dboe by first covering the loB^er flange of the bolder with 
a suitable siliccne rubber osnent solirtiGn and letting it dry. he- 
reafter tte bolder is imaecsed in an etchi^ solutlcn down to the 
lower jaoe of the v^per flaoge hereby ail the intermediate sections 
of the dlfldding will be renopedr the loMer rubber protected £tange 
30 ramftfning untoucted* Fat doing tbe tests and after ooating the bar 
re porticn of the fiber with W or lis as beforer ^ holder is cde^ 
rectly poeiticned with the aid of a hoc^ 39 in the optical path of 
the appajietus. Tb^ a cuvette with tbe reaction inediiaii is broogbt 
in fiem beXcWf the reagsit is added and the meaauresisxts are done 
35 as before* 

It ^£ftiLd be pointed out that all ^ sto^ discossicns on tbe 
presot invention concerned the use of fi be r optics to be in 
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an aqueous or organic nediisa the refractive Index Is near to that 
of mtssc (£«e# aretavS 1«3} whereat- tlie index of tbe 9lass core 
of tiae fiber is rat±er near bo 1.5 and U^e Indsx n2 of the active 
coating is £n between i.e. <1.5 bat 1.3, OSiis ooiditian is ess^t- 
5 lal tere sisoe if ^'^£^>t^ the light mdld be refraetfid into tbe 
daddlsg, then back into tbe coee and so on^ As we bare seen befo* 
re, SQcb method is not ispoeslble per se^ for iastancef it bas been 
disckased in lilaiiure 257 C1^75} HZ^HDZ et al wbo ^rked with g2as€ 
rod wove^guides and bad to osa rather thieic po]5iner ooatiAgs oorxtaiir- 

10 ia^g embedded, some reagents to be dgtgnpinedr but it wold not be 
ggacfcical in tbe present case aim tbe surrounding eolutions alw^ 
haTe- refractive iiadices gnaller tlm the fiber coce n^^ and ool^ ve-* 
r7 thin coatii3s3 (of the order of a few fingstrdm to a few tens of 
nm) an inrolLTed. xn ocntraatr W^lffOZ et al operated in air and did 

15 Yio^ measure rates of reac±ions* 

Anothe? bipartant point that 'should be diseassed is the gpest** 
icn of iQOOo^iDode fibers, m^eedr witi:^ very minor modificatiass Icnown 
in tbe art and mlals pertaining to light injection into tbe fiberr 
aingle-raode fiber optics can be used as in the pcesaat netbod. 

20 Sucb fibers geoecaUy have a very thin core ee» micecns) sucround- 
ed a relatively tbidc rTfiwifling acd their transmission is Btrcog- 
lY viavelengtb depetdent^ e.g* a fiber with oolj 5% attenuaticn per 
iDBtec at 85Q am maj hapre, attenuation of abont 40% at 900 and SOO dm 
(see V.6» Glatil/lRFWat in Proceedings of tbe IffiB (1378), 748) « 

25 SWr for mono-node oerrh TcHrw in a: fibre at m^v^sngtii A tise SoUov- 
ing e^ireseioi v ~ B»9aVi^div^A mst have a value below 2.4 (a^ » °i"^ 
and a is tbe fiber radius in ndcrons) . .above V = 2^4f the fiber ie 
no Iccgs single-inode. Wbeu tba value V is snialiL (0.9* belM 1) , tbe 
guided single node mofe loosely bound, i«e« tte field spreads 

30 ccngiderabay. beyond the ffss^iaol core of tbe £iber (e.g» tioo or three 
i^^^Titeq the- core dianeter) * ^Ebus, the tranemissiQn diaraoteristics of 
aingl&^fnade fibers are very sensitive to tiny dianges (^^ changes) 
in tfie r^ractive indsc of tbe cladding, i^e, that of ocganic 
oofttlng wfai^ fdrns during the t^t o£ the presext invitation* Ibdeedp 

35 ^-y^ refractive inde^ is tiie key variable involTed in the present 
essay perfecroed with slngle-Hsode fibers as the tbickoesa of tte cat^ 
piLes layer grows during the reaction^ ;^»eas internal refla c ti ona 
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in a multimode fiber allow the evanescent wave in the isiiediate vl^ 
cinitj^ of the re£Lficbive boisscbzy to pass parallel to the core for 
a very shaort distance (whicb can to djeOned by l^tsw^'s equatiooB) 
at eadi reflfictlco» the urao-roode filler bUjms £gc the passage o£ 
S this evanescent nave fraction parallel to the ooce along the whole 
efCective length o£ the fiber. Olhus, the use of singlmode fibexrs 
in the present a^^asatus faoilitates an increase in sensitivity as 
oeae&e&^ with in3lti->'ia:]de fibers. 

Single-no3.e fibers cen be used wit^sout etdiing the original daiV 
10 ding ocii^ileteX]r since the guided lighit fieOds extend aignificantJ^ 
into 1±e cladding and elm into the ocnplgy Isy^ famed durii^ the 
reaction* 

Tiie modiflcatijone ^rttddb, mst be made to the as^aratue whsx using 
singla-inode fibers are essentially o£ an optical nalnarer i«e. Inject- 
15 im of the light into the fib^ and detecting the slanal* Sudi optic- 
i A varlafcicns bt^ not dKM here as thi^ «r« kite»n £tan 

skilled in the art and w^ desaibed in the Uterature (see foe ins- 
tto above (7rftTJ.rraagzX artidle and f±s refer enoaa therein) « 

present a^gparatus can also be used for perfDnniog the db- 
20 tbod of tte invention but using floocescence effrrtPi instead of ab- 
aogpfclrn or refractive iiadex changes^ Ebc doing thiSf the foil owing 
gpdififfltiops shoiUd be made thereto: 
^ a) A fluorescent l.aheUed antigen C2^> will be adtJed to the 

analyte ^SsuSr the method will opecnte undec the oondlticns of 
25 "limited reagsit" imBmnnSflfgs as discossed hsreintofoce (see Fig. 
5). 

b) Filter 5 will be selected for b,^ ^ specific of the esfcitab- 
icn of the flooresoeKe to be neasured and filter 6 will be select- 
ed foe blpdcingAji^ but passing tbe flvcrescenoe emsslcn wavelength 

30 A2- 

c) An arVi1.trifTOil filter of optical characteristics identical 
with filter B will be inserted between the fiber back-end and the 
detector 12. 

Then^ the probe wit^ buffer medium and its fiber optics 1 coat- 
35 ed (as i&dU ytittk an ffi film will be installed and the apparatus 
will be adjusted for respcsifia as shown diagrmatically in Fig. 12a. 
In this figursr tii»e is shown a succession of pulses froa tte de- 
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tKtoc 12? tte pulses narked R are the reference pulses produced when 
eiltet 6 £3 In the beamr the fmlsea E are t&e endtbed Clucrescasoe 
piOseB injected tnrbo tfae fiber fa^ the fluoresoeiit caa^x no- 
lecules that fom onto tte £tt)er oore- ttusf at the startr tl:e E le- 
5 wl (2?lg* I2a) is about zero from no flrorefwence or on]^ residual 
bad^^growi noise. Th^f the anaXTte ccntaining the antigen to be 
detenalced plos a kncun quantity o£ flooreBcsBit IsbeUed Hia^ is aa* 
{ ded^r' a fluoresomb ooatinj gradually £cnD3 at a rate peqpocticnal 

I to tbe concsittatlon and an ^rdsaion flDQcescence signal appears 

I 10 in the fiber and progrea&ivel? increases wltb tjne as shewn on Fig. 

j 23bw fflds vacisfeioEi is dstectedf apE^Ued to the asapLi^Ting and ca^ 

t potlng sBcticnis of tte ^peratkis and recorded a& the rate measure- 

menfi desired, then, aSteiwards, visual or cinngitteriaad mny^r isc w s 
are made of the recorded data and standard refer^ice data fron <which 
XH the desired f?nH7stigal results are obtained using the tedmlqtias spe- 
] cific to "liooLted reagent" ass^ discoaaed abo^ie. 

I 3b the present esfaodiffleot, tte fmoresoence g^erated the 

: coating csztside tfae fiber core is sctetantially reinjected into tbe 

J fiber and provides the signal. UHed £ar the test. A. related pkencBte- 

1 2D ncn has* besi reosstl? tesoribed (see The Jouroal of Gall Biology 39, 

141-145 Odai) wUh regard to a glass block. 

^Qben using a fiber optic advantage <^ also be takm frcm a great 
aer^tlvit? as. th& usefiiL length of the fiber can be nede <^te si- 
qnif\mnH altfirwagh oananed in a very small a p a o e and nsinig very smaU 
25 voUunes c£ solations. It sbonOd alsa be- loentioned tbat the naasure 
o£ tte £Uxacesoaice of ooatinga in InEnuno-^essaf has alceai^ been r^ 
pQx±Bd (see lUSm SBCEQCE et air ObuEnal Of ltemlogic33L Msthods 
(1375) r 235 240). QcMSTetr in such caser the fluorescence was 
eu^ed through the antibody solqticn and coly one inteEnaL r^lection 
30 site was u^ ufaicli ^ee^ poor sensitivity since only a Uoit- 
ed j/ ^ ' t d g ft of the total flnoresoence gni*^^"" oonid be processed. 
Xa the see of using fiber cpi:ics like in the present iiro^ntion, si- 
de»ise fluorescence pick np can also be measuredr for exss^lef 
using a fLat-^ooiled piece ctf fiber and p laci n g the debector asial^ 
35 ly to t±e ooil ttus oaUecting a larger part of tha flucresoent li^t 
enltted the fiber. 

iyrpyiF?Tii* estodisisit provides many advantages over tioQ pre- 
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sent testing laettxsas sod asTices known in tte art. For Instance, 

a) Ohe sensitivity being fccpoctinnal ba i:be length of the izn- 
mereed fiber sectiair very sensitive j^obes can be made altbou^ ba^ 
Ing anaU cUmeneions. 
5 b} jKeaaur^nents can be made over a wide range o£ >iB,velengths/ 

in the visihlef D7 and IE bands. 

c) A wide variety of substances (bioLogioal or ncn^ologlcal) 
can be tested ancng idiidi fine can cite drtigSf bapbenSf enzsnesr pep- 
' tideSf pcoteins, bOEncnes, bacterid^ viruses and celis. A nore ooo^^ 
10 igiLete list of detectahLs anaO^tes can be found, for ^gyRnpIft in VS 
patents jsos. 3,817,837 ^ 4,299,916. 

Obe Intecesting fipBczf.fic case is When testing bLcod saiCGiles for 
I trsns&sicn witb regard t» poffniblpi antibodies in tte reetpienbs 

I bLood- Thus, cjptical fiber prices can be prepared with a f ilja oonr^ 

* 15 taining the Hjood constiti^ents of said patimt and tested against 

j , the blood cells of potential donors. In case of cxcsa-reactivitf, 

oells will precipitate oobo the fiber (because o£ the reaction 
I of their ONn A8 caiters with ti» AB of the fiber) and this reastica 

^ can be easily itonitored biy one of the t^ical absoEption bands of 

20 hemoglobin {e.g. at 555 nn)* Another interesting specific caise is 
the possihili^ of using a wave-^gnide sensor in vivo tio make qjoali- 
tative or qtmtitative measuroosnts of analytes within or secreted 
from the body- Bar esarqale, in diagnosis, it nould be p ossib l e to 
I assay the qiantit^ of oircailfftinT ii^sulin in response to a glooose 

25 loading test and, in treBtnseivt with injected honoonesr tiie in vivo 
sensor woodd detect the cirailating tempne oonoentration* TIbe pos- 
sibility of using ia vivo sensors baa now been aesa ri bed by BOCSEfiS, 
but tbQ present invention woild have the added advantages of absa)- 
ce of a label in the imnunoassc^ loode (where oaniy I^els are hlgb- 
30 ly active nmpounds with possible fcosdc or carcinogenic ^ects) and 
iji^coved light transmission thus cbviating tlie need &c special beans- 
misslai fibers to oot^e the signal in and out of tbB sensor as des- 
cribed by aJC K lBS. 

apparatT23 shOMzi scfaesaticaUy on Fig. 13a and 13b ocnp:i- 
35 ses the foUowlxag cevpsients; 

An ^tlcal probe ouiit ir Ti*^1 of a slanted edge wave-guide plate 
41 held by facaskets (not shoom) and a oounter plate 42 maintained 
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I in accocsitely conttuUed garallgl facing reO^tiGnfihip in resE)ect of 

the wave-guide 4I« Olhe pLate 41 caa be made of bigh qjoality Slaat 
glass aocarately ctit or quarts* plate 42 can be a micioscepe 32dr 
de. The spetcs 41s. betwe^i the plates 4X and 42 is the order of 
S a fraction of mn; this ecisuses that an anaJ^^te solution can be easi*** 
lY intccduced into tiiis apace whece it will be held by capillary £oc^ 
ce5« Vb&i croa r a t u s finrtbe? coaprises a aowce 43 (iti this par- 

: ticoLar enJbcdimsnt, the light soncc^ is a Ha-!)e laser pcoTlding po<* 

Iari2{ed light) f a c±q^et disk 44 actmted b^f a motor 45 and parovid- 
10 ed with a hole 46 for providing a pilaed light signal to be sen^ to^ 
ward the optical tiscangb an ogtioal ^sstm oonprislng £cx»a- 

ing leosfis 47 and 48, a ndrzcc 4dr a polarizer Plata ^Q, a cylindri- 
cal lena 51 and a diaphr agm 52 fx minimising stray light. Tie reason 
wh^ the light signal is pulsed is to prOTidB for oLtiaate phase seir* 
15 aitive aapLificatlon a£ the detected signal* 

q3iB. agparatus further oeqprises a ghobonaltiffLieg dBtector 53 
^ with it3 high voltage ffxer sxjpply 54^ the outlefc of Which is o^i^ 

nocted to a locfe-ln anplifier 55 through a t»o wa^ switch 56. The 
pbotootiltiBlieE is arranged to collect the light scattered the 
20 product that faas on the wa^^e-iguide plate in the spaoa 4Xa as the 
.result of a cbsnical reactioa o CT Jic ri n g' b^sweeci a reactant and an 
analsrta of the s^Luticn filling sgaeo. 4aa. HbB scattered light is 
indicated b? arrows 57. 

39ie qEPaca^ factfaer goierises a detector sa for collecting 
25 the light cmecging at the output of the wave^oide coca after mul- 
tiple reflections Mierfttn as shown on the drawing. ^£he output of this 
detector can. be ?iltftrmtive3y fi^ to the lock-in aisplif ier 55 through 
-j switdi 56, Xhe cefereoces signals foar the agparatua are ^oTided by 

I a sed-transparent mirror 59 which darxvea a aoall portioa of the 

i 30 light g£ t±e source on a detector 60, the latter pro9iding an inben- 

sltar re&rau:e signal &d to an analog divider 6lr this being Sos 
cuujjensating passible 'variatiais of the sooroe during the iceasure** 
I nsics* A pulsed loc k i n g reference signal is pro^Tlded b^ a mirror 61 

and a (febecbor 62r the oarrespondlng electric signal . being fed to 
1 3S the fimpli-gier 55* %e ^aparatna finally conpriBefl an electrcwic unit 

I 62 which win canprise a display elgment (like in the prevlcas sd-^ 

] bodinCTts) and recorder for reoocding the output data andr Gptimel"* 

i 
i 
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l^r a ndceopeocessoc £Qr oonctisting tb& measured data and effecting 
the required acnparisoRs wltls t!» sbaced reCereoce data from caU-^ 
brating experiinents. 

m practice/ the pressit ajparatus ia operated as follows. OSie 
S first step is to prepare the optical probe h^f depositing a £ilsi o£ 
a reactive specdes en the face of the waye-^de 41 that defines the 
^paee 4Ia. Details en hw to do this are given hereinafter, gien the 
guide 41 and the plate 42 are nounted on the apparatus and the op- 
tical and electXGcilc syatsn^ are started up. After a few minutes of 

10 warming qp, the oootrols are adjusted &x zero response fccm photo-* 
ioulti£liec 53 (or altsmativel^, tvOLL transmission frcm detsctor 5S) . 
Then the aialyte sdLaticn {a few jllL) Is pipetted into sp^ce 41a \9bec^ 
hSf the analyta in solution begins reacting with the r^ctant film 
on the guide 41. Khen the analyt»eact3nt product furnishes sca^ 

15 tering sites (large mdeculssr ag^lcaerateaf eta,.) a scsttered sig-* 
nal rBa£±es the pbotOdultipUer tube 53 which is aqoiUfled, proces- 
sed and display with time by the display inclux^ in the unit 62. 
This results in a rate curve; the slo^s data are recorded and ooo- 
puted against: standard data obtained fron calibrating, sanptes and 

2D tored in bba memory of the electronic unit 62« Ttis caapataticn pr^ 
videa the* desired analytical results {e»g* the concentration of the 
unknom species in the analyte solnticn) aopording to usual means. 
If the c»tput of detector 58 is not usedf the edge 41b of the gui- 
de AL can be masked to mixiisdze the fbcnBtiai of back scattered light. 

25 Ifei^dng can be done Sqk instance with black paper or paint. 

An 'Ijiprovemait bo the afor edes c r ibed enbodiment is illustrat- 
ed on Pig. 14« Instead of using a perfectly homogeneous working sur-^ 
face fdo: t:be wave-^guide 41^ me can first treat that surface to pro> 
vide diacQDtinuities ttereon. Woe instanoer one can modl^ the ii^ 

30 herent sdtesivei^ of the surface toHard tb& reactant aooarding to 
a certain pattern (adn^ivafale for instance b^ the teoun ^tolitbo^ 
gra^c tedtnigises) . m the case represented on Fig* 14^ the surf^ 
ee 4Ic o£ the guide 41 has been slightly rcughoied at areas indicate 
ed by nisnsral 42d, sinh areas being as t^i'ai t^i stripes about one 

35 waTOlengtb wide and separated by a distance a£ the soma asd&e of mar^ 
gnitude. Such a gtatlng-like pattern can be obtained bf first 
ing the surface with a fibati^resistf exposing said resist layer 
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tltfoqgii a ^lotogzaE^ £ilea mm tite negative inage o£ tte grattagf 
doTelQEpLug (I.e. dlssolTlng the nnexposed areas In a sni^ULe sol- 
vent) Old etching slightly the bare areas^ after ferolqpping, ffajr 
i n sta ncs with HP, After final resnoTal of tte ireslst, the fiLate has 
5 a sratimf pattero of stripes with alternating zones of higher and 
louec 9£glnlt7 £o7 proteinfi [antigens or antibodies) • Olbis, when tie 
EOate is oentactea with a reactant (ffi) ^ the latter ^fill mainly ab- 
tach to the etchedl areas ae IxsiOicataf on Fig. 14 hj the letters 
At this 5tage# the thickn^ c£ the pattern is not anfficaent to ptx^ 

10 vi£m scattering; hag&r&c^ in the presence of the antigen ^hich is 
of the proiper nature to scatter light) , the latter will bind to the 
stripes Ijaving thereon the antigen i.e. as ix^cated AG the 
dra'fzng. Ibisi discontinuous t^ o£ layer will jprovide distinct or-* 
ders of diffr acted acatt^ad light in contrast to the etra^ Qoatter- 

15 Ing nodia of the mala enbodiise&t thus inpco^ing the dixecti^tf and. 
the obUeebisg efficierv? 0^ t±e photoiwltfplier tube) o£ the scab-- 
tered signal* m Pig. 14/ the arrows €9 indiste the carder of 
diffraction and the arrows -66 Indicate the first order of di£frat>- 
tion* £sr €nT1i?cMna a 'spftHrir order (6«g*/ the first), the oaiLlec- 

20 tim of the signal bor the ghotcfmal tidier tsbe 54 is then etrcngly 
amplified »d the signal-to-noise ratio is increased in tbis zoodi^ 
fimtlczi as o aip a r ed with the aalTecticn of the stray scattered light 
whids is only around 10% of the total scattered li^t« 

In sX3P^Sisc TOdificafciair see Pig. 15r s perfeotly flat and 

25 gvdar sur&ca 4lo of a wacre-^qide was ^pra;^ with microdrppLets of 
antlho^ 0B} axsd^ daring analysis^ the antigen AG attaches ooly to 
socb pcefecatial areas. Soch a strtzcture oo nstl tata s a statistical 
sfiatterec Which scatters light in the shape o£ % cone tte ^I to and 
geoDstzical parameters of fdbida depend on the siase end the d^strl- 
'30 batioi of die drc^iLets. !XhU3r al^o herer there is a directi^al ef-^ 
'feet t±at onntTTbateB to Increase tite effidexBcy of the signal coL- 
lectiou A n o the r advantage of providing diffracted light signal is 
to wrinfmizB tte iaiportance of accidBntal scatter ers such as dust gertr- 
icles or scratches in tte ^Lass with larger sises (of the nest higb- 

15 er order cC magnitude, i*e. about 10)vcr nzore}; in sadb, case the an^ 
gle of dtffracticai is pamTlpr and/ the resiiLtdng dif&acted light 
not reaching Xhe pbotamaltipliec tdbe/ its presssce can be ne^beob* 
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ed. 

ThB as^QTBiius r^esented on Fig« 16 is generally similar to 
tbat already discussed with ceferanoe to Fig« 13 but it is ^pted 
£or CLiiorescence nseasucsQents instead o£ scatbeced light jseasureiDents* 
5 Tbij^ apparatus e$$entialJy cxiiigr ises an optical a^st^ represent^ 
by block 70 which is {ftactioally identical vfLth the ^tan used in 
the apparatus ot Fig. 13« o&ereEoref the details are not repeated 
for sta^Ufidatlon* <£his ^s^stem 70 c»ktains a pulsed light source 
and means for providing a test eigxtal oC the o^rr^ exditatior^ war 
10 velengtb properly directed to a wave^guide 71 and a reference, si^ 
nal to a re£er€iioe detector 60. Like in the other entedimentr there 
is a plate 72 determining with guld^ 71 a thin space 71 for intro- 
dixctog tte analyte solution, the layer of re a ct ant bein^ coated on 
; tte ugp&c £aoe of the guide 7l« The apparatus also ccnpcises a si- 

J 15 de-detecto; (the ptotcoultipLier tube 73 and Its sxtg^ 74], a co- 

j re catpot detected 78 and blocking filters 76 and 77 (these itsi6 

are missiBg in the previous enbodipent) « Oie elecfczonic u ou qjmwnts 
:| of tbe ^ES^s^ua ccnprise t»o Inciegtatoc anpllfi^fs ai and 82, a nul«- 

^ tiplBaser 83, an analog to digital converter 84^ a micr'oprocsssor 85 

20 and a display recorder All- these elements are ocnveatioiBl and 
4 their cpetatiois are familiar to those skilled in the act. 

ItB cperatio n o£ the apparatus - in the side-pldu^ oode .is qui- 
te wiTirflfiir to that described toe the scattering entodlmsnt* Itua af^ 
ter preparing the wave-guide 71 with a layer of reactant en its 
25 per surface and the E^Iate 72, the anal^ solution is introduced to 
pacovide a fLuarescent reactant:^nalyta proftet, Tbe optical unit 70 
sends a teat signal of the prorper wvelengtbAj^ for ^Kiting the flno-^ 
resoeace of wavelength emitted fluorescent light goes across 

serem 75 {Which scre^ o£f all other wavelengths including gcat** 
30 .ti ere d eag ri . t ^ n g lij^ht) and hits the. Bhotoraaltiplier tube 73 whereby 
a signal propor ti o na l to tha fluorescence (and to the ext«t of the 
reacticn) is produced. This signal, together with the reference sig- 
nal frecn detector SO is fad to tise inijltipl<»r an^ifier 83 which al^ 
tematively feeds them to the ranainder of the elecfcraiic elemmts 
35 iterehgr a peocessing similar 1p that dsscribedl previofily will oc- 

SjinuLtaneoosly or altensately with the aforaoentlcned operaticn, 
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tbe sign^ oocarrir^ at the Q«e out^ and faTHng ozi detector 78 
can also be nonitored, Sba; undenatanding bow tbls is poesilfld, re- 
feraace is made to Fig* X7« en tbl3 figucey tharie ia stscxixR a poctien 
of the guide 71r the plcite 72 snd, la bett^^een i±e space 73a and^ sche- 

S TfyrMmlly, a layer of 2ffi..£S product (the product is the resolt 

o£ tte raactian o£ the xeactant AB plus the anaul^e iU3 o£ which the 
nte is beii^ Bvaasured in the test) . l!he figure also sboMS 1±s vor 
rloQ^ XUfbt beam? involved in the exdttafrton to fXaacescetioe 
i*e« H iB tise I noi rfeT St beam @t X^^^ R is the cefLected beam of wav^ 

10 lagth and ace- the genecated backiTard an9 fc^vard £baareaceat 
beBis& (X^, &| i& tbe angle of iiscidenoe and the critical an^e 
fioc ^x'^fe ^ ^ critical angle for A 2- Sbw, as resces»tedr the 
escitatlcsn li^ Vt hits the vxtoEnal surface of ths. wall at an sxtr- 
l^er thon the critical angle & ^ and it is thc^ reOechod 

15 . <B} « BbweveTr part cf the evanescut excitation v^cm is abswbed b^ 
tte AB*^ laser and ena:€7 is re^tted at a Shorter wacvelengtb 
Itov/ by yirtoe of tbe recipeocitar psrinoiple (coofizi&ed qnantitati^ 
Tely 1:7 CJC. CQEOgxiXZa. et al. in ^» (4) / 2^72^ 479-486} r 

excdted ipdlewls ^it evanescent photons which behave exactjy as 

2Q ^ incident ' evanescoit ^9»e photons* thus, the SUsorescence essLt^ 
ted 1^ noilectaes doso to tte dense-to-cace ititecfaoe (tite JSB-aS lay^ 
propagates into tbe desse ^ledium at angljes largi^ than the crl'« 
ticaL angled^ £br A2«' Hctually/ peafc fJiTnrresognce is observed when 
dj^ is dLose to and a:t angles d L oee to {see R.S« SESaSKEZt et 

25 al,r Fiber QptioSr ^vandes in n & Df peo^rldeiieer BXr 

ne 1378, KT Blemro PresB (137d) ) » Thus, the emitted fLsoceacenoe mae^ 
sdmm intaasitf aoncentrates within a relatiTrely maLL angular -ranr- 
ge andr ^fhsu guided In ti» w^oe-guider the ou^t at several inter- 
action sites add 1^ to provide a higher intensity signal at the ootr 

20. put of the OGce* A seooid point of i a p ortan oe is tfaatr b e c a use the 
reEraotive indices are diffegept: foe diffgent, waveX^igthSr the ex-* 
citing sigr^ and tha flgnrescait sigzal are following paths with 
differ^ reflection angles in the guide and tbe^ will emecge fros 
the cQtpnt also id.tb an^es differ^t fras cotae mother. Knee, thef- 

35 re is aa inh^ajt optical ^F^mHnn of the anitted beam fron. the 
eaccit2tioa beam at the oatpot of tiis core and detector 78 can be suit- 
ebl^ ^Laoed to be in the path of t±Q flsoresoent signal (\2} 
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avoiding the residual €i»sit:aticn besm (X^) evm in fcte absence of 
filter 77. 

Iba Ej^ipaEatus re^ess&ted on Figs 13a and 18b is intended fos 
joeaaxirlng optical changes cccurring in an optical flb&r: wave-guide 
5 pcOTided b? tte foisoation of a product on the surface of said fiber, 
Uds measmriog being pec fta aie d neanfi ot oUipsquetry. 211i£i6a3i&- 
tcic ineasuteneot aglieatlcns- to bioaaaays have been detailed in oar 
r€lated European application EP 81 810 255.0 and the present reader 
is referred to this disdoaute for general ocnsideraticna in this 

10 field* ^e main difference of the present appLicatioa with the prior 
diadLosure is the use a£ an opticsl fiber instead of the genaraLIy 
taneun flat rtfleeting snrfiacee. twi Y^jim i. y £g based on the measx^ 
tmssnt of cSiangee in the degree of elliptical poiUrizatlcQ of light 
caused the presence df a f Um o£ niatter deposited on ^ reflects 

15 ing surfaces. In via? o£ the particuOar nature and gecnefery of qp- 
ticsO. fibers as ooneared to flat surface wa^e-guider additicnal featu- 
res must be ocnsidered^ Firstly, in order to roalntain a beam of light 
linearly polarized in a fiber, one met use a ^cial family of light 
iQ0des% ^ese toofles are defined as the ncdes^ with 1, if 

20 3^,...n {n being liioited ^ the size and refractive index of the fi- 
ber oonsldsred, see SKKSCTt and Q&sSsem^ J. Qpt. Sod. Am Si, 
499 (1961]} * Secondly, to be ahle to measure tte fcdX extrat oC any 
pnlarizatim iDodification caused by a reaction oocurring on tbe sur- 
face of the fiber, it is iiq^tant that signals with ar^ direction 

25 of pQlarizatloi, be tvansmlttad eijaally well along the wavsf-guide* 
ttus^ gecznetrical pertuebatim suA as that caused biy medbanical' 
stress GD the fibs ^bould be avoided because, in such ose, one par^ 
tirnlar direction of pnlariTOtion could be fovored* Chneegiiently, 
in the presQxt aE^sratus^ ti» optical probe (of viiic^ the ccn- 

30 pcnent is the optical £iber) is osde ^lort and rigidly innsbilized 
to Hiininyfge the undesirable effecsb of vibraticn or otiier possible 
perturbaticns • 

In order to prefermtlalJy excite tbe HB^ nvddes in an cptiml 
fiber, the radial light intensity should have a daossian distribti- 
35 tin, e*g. that obtained feoii a laser radiating in the fundamental 
iQ0i3s and the beam should be direct^ asdally and centrally on tbe 
fiber end* This oonpllng can be a^xleved by n&ans of a miorosoope 
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I 

Objective^ ftWr foe m^nfais i nrj background pertngbafciaaey It is pr^ 
ferahle to cperste wii:h canly ooe laode ratber than sevecal ncdas si-^ 
mmtaneDusly- In tbe Earesent aspar^tus^ the HB^ mode (lowest sin- 
gle node) was selected Sos simetLtcity, In pcincipLor inultl-inode fi- 
5 bscB are usable with ain^ iDOde signals. ^iSiis can be made p? ?5 l hl '^ 
{i,e« the pcogei: Russian diatribution caa be selectBd) letting 
t2iB incident beam flifnnpter at the fibec inpzt f=="^ be 0.65 tiioes tte 
diametec ci? tte fibec core* B9i?e7er# this 13 r^t reaDy satis&cto- 
£7 because otber mdss with various polari^atim states are also ex- 
: ID dted to sam extent and «t pactiaUY depolaiFizsd signaL is obtatnr 

I ed at t!]d'peobe outptit. Banee, it i^' greatly pref^aULe to ose a sin- 

gle-mode £ibei: in. this eirbpdiment since this wlIJ. essentlallY oolj 
transmit tiie HB^j mode whereb? no cooversiczi to higher « p^r laodes 
and thus i«o decay in the degree of polar tgatlon will oocot. Gcras^ 
15 queatly, a higher s1grff1^*to^olse ratio is '^"-■'"H as cca^ared with 
^uslng mid.ti-nQde fibers. 

In the ^GSaxt aifaodijpentr the fiber length is preferably 10 
; oa or less fior the afbroi^Jtlaned reasons.^ It. is preferably a high 

' (^ality single^ncde fiber with re^^ect to depcOarlzatica and hir^ 

20 frlngance characberistics. Fibers obtained by OTD tedsniqpes such 
as that disclosed in S« mxs et al*, ^EipLied Optics 13^ 22, 3735 
(1S80} ace preferred. 

ffie «^Bratus r^tresmted on ?igs 1^ and ISb ooqprlses an op* 
tieal probe ocnprisiag a partially etched pieoa- o£ optical fiber 101 
25 with a core lOJa and a ssuaeteicaUy rooved cdaddisg ICOb^ Qie tedi- 
niqi» for rso^ving tte claddiTngr is th& same as thai^ discflosed fior 
otiieE optical fiber ^ a licaticgs in this specification. At a very 
short. dist»oe froo the bare fiber core (a fraction of a mm) en both 
sides thareof are EOaoed two glass ULstoa 102 rigidly wainhained on 
30 shaped brackets 103. ohe clad ^ portions of the fiber uave^igui*^ 
de are dLanped by means of clanps not dsown ino mfce d on an asijustafc^Le 
rack not shoemi. tiie latter enabling the posltitm of the fiber to be 
a ccur ately caxbioUed sidewise ^ 19 . and down, The space 104 bet- 
ween the fib^ core and ite plates 102 is t±e reaction site^ the li- 
35 quids to be tested being retained by csqgdJlary farces betMem the 
fiber and tte plab^« 

1218 presezt ^paratus flartber comrises two micrcsoope objech- 
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^' Ives lOS and 106 for 0011^^.12:9 tha inpat Incddent bean with the ti- 

ber effsd the aut^ eUip tic all y polarised signal with Use detecting 
system^ respectiv^y. 7!be incident: hesm ifi g^ierated bj^ a light aouc^ 
CQ X07f (in this ^nfaodiment a He-Ne laser) the caitput light o£ which 
5 goes ocTCes a polarizer plate 108 and a rotating chopper disk 109 
driven bft a motor HO and having a hole HI £bt ciiopping the signal. 
a22en, the detecting ^t^ of the qesaratus oooprlaes a quartei>-«ar< 
I Tie plabe II2r a pdlarl^ation analyzer 113 and a ]^bc3toaetec2toc 114r 

^ these el^nents being similar to corresponding eleisetits deaaribed in 

^ IQ related appUoation BP 81 810 255,0 wd operating similarly* Final* 

ly<tbe ^paratua oonpriees a lodo-in CTpllfler 115 and associated 
. ccsnponsxtSf 1,9, ]id0o-<3cn^!txter 116 and recorder 117^ the functions 
of tbafie dfictoonic umqjunen ts being ess^tiaUlY the ■ SLSoe as that 
of the correspccding elements alce^ described earlier in this ^per* 
IS ciflcatiou Xt is to be further noted that, the reference dipped sig- 
nal used for re ffec e nc e pacpose is r^esented on the drawing as ori- 
^ ginating frem the di^er motor 110 end being transmitted to tbe an- 

• plifiar 115 by a line 118, 

^ mie operatioi of the apparatus is very similar in essence to 

20 tt&t described in the previous entodinaits combined with tbe ag&an 
tim oE tbe aicparatus described in related sspLSaatiat Ho* 
81^ 810 255.0. Ifsasr ^ maSdng a tes^r t±e bare porHnn of the fi* 
ber is £iz^ coated with a reectant [e,g. tbe antlbo<^) as sbom try 
ntzoeral 120 en tiie drawing by filling tdie space with the p c qpa so- 
25 luticn as sheMi on the drwing by dashed pattama* Olben after the 
uaoal rinsing and drying stagesr seEoing of tiie Instrment in the 
presenoB of a blank buffer by ^operly alternatively rotating the 
polarizing elssosnts 112 and 113 (sea description in application tto, 
SP 81 8X0 255^0} , and rcmpviiig tbe ^bLank sdLuticx^r the s ntotioi to 
30 be tested is introduoed for starting the reaction between tbe anti~ 
gn acelyte and the antibodsr coating vibidtx revolts in the growii^ 
of the reactant^analyte layer en the wave-gnide core and consequent 
QicDdificatiGn of the ell^tically polarised ourpat. 1h& correspond- 
izig diange fiecm the photodetector 214 is an^lified and nonltKed in 
35 tbe electxcnic associated ocopdnaxta 116 and U.7 and provides tbe 
desired data eaca^y as in the prevl»^ ^itediinents. 

£br tie inniobilizatiai of a film of oitibot^ on a wave-guide 
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occe (or^ of course, of antigen if this ie the antiboct? that must 
be d&tsanined} nan? inethoas kooNn in the art can be used as alreet- 
dsr inentionod hereinbeBore. 2h carrsring out th& preset invention, 
with ref&caice to Inwiuroassasr testing, it is genej^U^r preferred to 
5 take advantage o£ tiie fact that raost t^^pes of g^as^ will strongly 
adsorb proteins vie their b^drcs^sbbic or i^ydroE^tUo areas. Thus, 
in SYxsh esaeeir tdie etcbed f ibet is first c'^'^^i'Tgd in an ^oeoos deter^ 
ent (e*g» a 2% agueous detergent solution) ♦ !Chenr*it is rinsed m- 
der mming water and imersed overnight in conc^ H^^« OHiair it 

10 is rinsed with dlatmed B^Q and dried in warm alr» It then readi- 
ly binds proteins fron soLiticns, e^g* hOdian I3G in bu££6CB* 

In anotber prefepred metbod, the active portion' oC tbe gtiide 
after cZ^ardng with and rinsing as abotrer is iimersed for an 

boor in a 15% {w^) o£ Tid^ in an anhje^acoos argsnio edl:r^at like 

15 acetone or ettwnrtl^ ih&ir it is washed wit±i fl^^ti'^iiaf^ ^ter and 0^1 H 
{Aosipbste hiTffffer (j^ 7) and, ttereafterr contacted with a bisoan IgG 
solcitim (2 g/1 in 0,9% soOntion or 0.1 ja phosphate bu£&r, pa 
7} * The fiber (or rather tte pcbbe} thus made read? for ^^^^'"g 
against 2tfa*s is stored wet in a suitable hiTffer even jtSr^ for sbcrb^ 

20 er peciods) » 

me £Xaaples that foUoce illustrate the practical asipeote of 
the inventicna 



25 



fin. ^tical probe including a waveguide of the described 
witi) pefer^ce to figs 13a and 13b ax^ a glass counter pilate was pre- 
pared for und^taking iimunoACTical ass^ as follosisz the glass 
itesns made of the fctUowing tspe of glass (n ^ 1,523) z "itebgoses 
30 BriUenrd&glasa B*260r HES^^r wore first washed with a warm detei> 
1 * gost solotionr rinsed in distilled water and air dried. <£&enr th^ 

I were iionecsed for 5 run in concentrated ^SO^ at 95^/ rinsed in dis-*- 

* tilJfid water aod dried wit± clean tlssne. Hie snfase^ient manipula-* 
tioos wen am, carried out with utroost care the dean glass sur£e- 
35 ces not being touched and the probe handled hj^ tibe edges. Utte pla^ 
tss wece nomted on the ^giparatus as illustrated oa Pigs 13a and 13b, 
leaving a s^^ace of 0«3 sm between them. Ete coating purposes an ap^ 
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proximately {but accuratoly weighed) 1 g/1 antigen solution was pre- 
pared £3/ Aissolviog tte required mDunt of solid faunan limmoglbbi>> 
lin (SBBS^ 5I0CH£MZC3lLSf E^idelbergr Cennan^) In 0.9% Nad solMtion. 
About 0.2 ml of such somtioa was placed between the glass el^aiDeDts 
S 41 and 42 c£ the probe oeans of a s^ixm and allowed to stay there 
fte tMO hra at cccm taiperatuce, zaoritig this time^ asipraadsateay 1 
to 10% of the AG availabla In the ^an^ple becaiw^ attached to the sur- 
face of the wavi^uide (alsout 2-20 jig} . Then the cell was ai(>tied 
ha^ absorbiDg the liquid with an abaocbent noterial and the cell was 
10 rlDPod with distilled water, the rinsing waters being r»a99ed as 
fore. 'Sbm a 0^,1 JH pbogjahafee btaffer (pE 7) ocntaining 2 g/1 of bo^ 
vine seruni albutnin an3 0.5 ml/l of liquid detergant (siffiEW 20) was 
placgd in the ceU. and left there fcxt 1 br* ohs serum aHhtsnin would 
fill the ^'bQles'' left anpt7 on the glaftft after coating with the an- 
IS tigen (i.e. since tine antlgsi aoes nomaUsf Ty>b attach to «dl avall-^ 
able areas m the ^aa andr ainoe the antibo^ to be tested has al« 
^ so affinity Sac the bare gla:55f the presence of uncoated areas, the 

4 'holes" on the wa^o-^uider might subseqjiisitlY i ntrod uce errors in 

^ the losasurooent^)* since the antibct^ has no affinity for the boyi- 

" 20 ne asruia albuofldnr this treatment would idsere sin^tl? dirtffhfp the un- 

used bare portlotis of the glass. Ibe detergent actnalJy si^jplenenta 
8U(A acticn. 

A^t^ again wa^^hing and rinslngt the was allows to dry^ 
in a current of pure warm air. Xt was thai reac^ for tile eaq^imaits. 
25 All analapsis were done at room tenperature* The various optical aod 
eleotrraic cospcnentSr ssscsgit the photfannl t Ipil jpr tube^ were tunv* 
ed on and allc^i^ to equilibrate and a saz^e of antdhod^ solution 
(2 4^1} was introduced into the cell bsr the ssma neans. Ihe antibo^ 
^ selected was ra2±lt antl*-huiia»i isatsmoglabulin front WD msso^ 
30 .CHEKKCaiiSr Cbpobagenf Dams^ in 0*6% She initial solntlan 

as received was a 10 g/1 protein soOntion with a titre of 900/^r 
x*9« this nunter (provided by the manufacturer) means that ead) ml 
oC t±e antlbo^ sdlution actually neutralises 900 ^ of the antigen 
(nentralizatim here lossns that arisen such reciprocal quantities o£ 
35 both ingredi^ts have r^otedr the sdution contains no nore ay^x^ 
rririhlft Ma or msi^ Ihusp for caliJMirating purposesr known antibody so- 
lutions coiveniently diluted wese used fiar perfboning the test (aes 
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^ "SabLa 1} . As 5001 bb tte cell W39 filled witb tte calibrating sdn- 

tlai (n ^-^jpcoarimtely 1.33] , i±B sam 9«as darkened to avoid satu- 
rating tbe i^aphonmltipl iec tube and tha latter ^vas switched on. The 
rate curt^ genecatad ficoat tbe scatfasced light signal picked w by 
5 tbe pbcyfaoflmlt^la: sta&ted to develop after Qaa^ seooids of etjai^ 
libration (prdbabily due to t^e time necessary to pzrcperly ^9et the . 
p pQ te i fl S of t±e caatiiig}. The- reaotica was allcwed to proceed for 
about 2-5 min and tbe slope o£ the rats curve Cneacl^ linear) wad 
avwaged over that period. 
ID 'ite results are Runnnarlged In Table X belm which gives the va- 
! lioes o£ diJutlm of the aangglea o£ antisertiai and die oorrespooding 

I offlnrnntod titte values ais waLX as tbe slopes o£ the o o gae s pcq d lng 

rate carves as measured with the aigcacatcES used. 

i 

\ 15 OTgCg I 



a ml -t- ml a£ 0.9 HbCU 


Antibody titrs 


S3jc^ a£ EBte 


1*ZQ 


42.9 


22.0 


1 + 100 


8.9 


12.5 


]. + 200 


4.5 


6-.!. 


1-KUOOO 


0.89 


0.8 



25 BQK the anal^is o£ an unkaoHn ssscpler the same procedure was 

foUfanedf ite rate data being recorded and, aftecwacdsr Gpngaced to 
tbe s t a n da r d data c£ OSahlfi I. The desired analsrtical data were dtn 
talned pdotting the analytical rate value cttsdved against tbe 
Q Ocrtja tfca i d in g titre as given, by said data of Tabto I. 

^1 30 

I 

ne reverse of tbe esq^irent described in ^yCTnrle 1 ^ras per- 
fosDBd with tbe same e gp aratas and under tiie sase oonditions^ Hi this 
35 case, i±e wave^-gulde in tbe optical probe was coated with a film of 
azttibo^ (rabUt anfrihrmn iinmuno^Iobiiliii} by means of 0^2 ml of the 
initial SQlutioa o£ titre (see Essae^ 1), All other qperaf- 
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tioos were the sane as described in Earanple !• lbs caiihratlng sam^ 
1 EOes wsce prepared £rom kndHn dilutions of the entigen solution as 

given in TtahLe II vdilot) also sunmasisses the slopes of tbe rate cur" 
I ves recorded. 

I 

iSntiqen sblutians Slope oC rate ctirve 



1 



1 



10 



0-42 4,9 

1.63 U,3 

5.33 19.0 

10.16 21,7 



15 



Stir analyzing unknown aainples of SG^ the procedure .already de&^ 
oeibed in B aa a g l e 1 was SoUcfMedf i.e. the slope o£ the ootrespond^ 
ing nbe curve under test ma measured and the value cbtaiivad ms 
J CQcxelated with the oorrespcnding antigen eoncjeatratlcn by 

20 isg with the graph prepared frcca the valuBd sunmarlzed in T^Ue XX« 



E jCj pjtfLe 3 

Zh this ^xaaglaf the signal dbtained Croii tbe light eserglng 

29 Sran tiie hecfc-e^ o£ the wave-guide and falling on detector 56 was 
QBBd £dr gesaerating the rate corve* Ae ogptical prdhe was essential^ 

the sane as that used In ^acanEOa 2 ft^tb a coating o£ ABr rabUt 
anti-human jJOtnannglotnaHn) • Sanples of antig^ solutlcns (like in 
Ffgnmplip 2) wece used the concentrations o£ whicb are ^hmh in Table 

30 lU belo(7. rexainder of the cperaticns were carried out eseacb* 
I7 as ^qgOained in Exan^iles X and 2 witti ma difi&erence 1^ the pho-^ 
i nm l Hplier 53 was not used and ^lat the signal actually decreai^ 
ed as tt)e reaction went on (this is because the proportion of light 
not reacSsing tbe output of the wave-guide increases as the reaction 

35 proceeds)* Obe slo p e o£ the rate curves recorded as a ftaaetion o£ 
tbe anount of AS present in the san^xles is given in O^tlfle m* 
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Anti^ solutions Slope of the rate cur^ 

toiV/hdn) 

1.0 -0.42 
0-32 H).3S 
OaO -0.31 
0.03 not ffgadiXy xneasurabiLid 



10 



i *Sb/^ fdUflwing Ssanple Illustrates a ccnc}etitt7e oss^ netbod 

a£ tiie di s cmaed with reeecssca to Fig. 5. £bc tixis, a fluoEe&- 
15 ceno^ laeaeureneot ^ifpe of ^^ipaEatuB o£ tbe klsd ^^^r lnsTd with re^ 
I fexsence to Fig. IS was used. ihQ qptioal pcobe was prepared last ooatr- 

^ ing the oarrespczu3ing waro-guide 71 witii a film o£ bcron tmnQno^Io- 

bulin CAG) fc^ the sssne pimedure described in £^an^le 1. ^ anti<- 
bo^ AB*' used was ^a'^^^i*^ with fluorescein isottdocyanate- (FZEC) 
20 sid sppcfftc to tte aatigffi tested (it «ss obtained £cm &&B0 m- 
MCttKXa mrr . TNH r copsihagen} . Tbe mOdbeLLBd o uL i ea jjui ding airtdbod!7 
AB tsras also obteinod £i:m. tbe s^ose source. In the foUowing esperi** 
wexttt tba oatpitb face 7Ib of the uave^-guide vt^s f AMla l witb blade 
paint to nrlninrtaa aeattged iacidenfc light, 
25 si estii espeaeismb^ a fixed quantity of tapao^ antiboee^ ^Ri^ hw 
daS&i^ OSiis qoantitsr TOS 100 jol of tiie 13ako ptoduct ^Ui.t<w^ 3/200 
in OA M pinsphate bag&r at pa 7 and it wa& isixedf with 100 /il of 
the test solotioa of unlabelled AB in tiie ^^r'^-'"""*^ given in l^ble 
xv; Obe c^^ticn was pe g fbpne d as in the preTioca^ Ssgsplesr the ndx-^ 
30 ed 200 jiXL pottions being injected betweeki plates 71 and 72. Ae 
suits are r^wted in teems qC the slqpes of tte oocrespozsUng ea> 
te corves in Table I7« 



\3S 



! 
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Dilution of sntihcdy Antibod7 Slcspe o£ rate 

(1 plL ral of bttffey), tltre carve (s^/mtn) 

5 

1-^20 42.9 11.6 

1+100 B-9 57,7 

1 +200 4.5 90,3 

1 + 1000 0.69 95.5 

10 , ^ 

Ebr tte soeasureroeat q£ aaknom soyuiticRS of sntifaodf , tbe 
loe fcechniqae was used (additicn of 100 jol csf the labelled oittibo^) 
ard the results were obtained with nfecexxce to tba standard dsba 
9ivc3i above, 

15 

Bganple 5 

TDe pr^ous SaEanple was repeated butr this tiia^, tte output 
fzcm detector 78 at tbe bacK-^ond of t^e waro-^olde vias monltoced* 
20 aslog the same test oGncBitratlona giv)»i in S^tiLs 17, the oocrespond- 
ing rate results (in incxaasing ocdev) were obtained Os^/tain): 2.9; 
4.8? 6*l7 €«6. 



25 



A probe cell was scepated b^ taking a piece of plastic cdad si- 
licsa fiber from "Quartz & Silice SA"r type PCS FiiaMSil IBBK37 
ries (diottetar 380 /m^ cove ZQOjMf losaes 0.14 dlyk at 350 mar 97% 
transmission) and insarting It 1^ its ends Into ^ grooves of a 

30 cell as pictured oa Figs 10a and H^Ob, For caulking, a solrtticoi o£ 
silioQt^ rubber oanent in a^taa was used. ^ cladding uas etcb^ 
ed want filling tfae cell with ooacentrated and leaving it 

there for an tour, (undlad secticn about 10 cm long) , t±sa the fi- 
ber made active ths first preferred method described at the 

35 last paragra^ before tto Es g nn p lp H , 

A filiP c£ human iaamaiogljobiiLin G (Ig(3) purdiased Srooi "Serve 
BlodbeaileaU"f Saidelb^r (^smaaj then deposited on tbe fiber 
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as £g1I0V69 the ^bo&^t& boESec in the ceU viaa removed aztd replao- 
ed by a 2 g/1 solntiaa of the IgG (10 ml) in a 0,9% JSleCl soXuttcnu 
a£tar 2 brsr tha antitaS(7 soladlo& was reoov^ aod the flhec was rins- 
ed with tb& buf &c sQliiid.cn aftBi: «^ich a 2 g/1 ^dLatiGa of bovine 
5 sqicaA alfaiAda oantainlng 0.5 al o£ 'Tl^^ 20" fe. detergent) la t3ie 
0«1 u pbosphate buf&r wss introduced end le£t tbere for one hour, 
^en, tbe cell was again rinsed witb bt^fer and filX^ with fresh 
buffer ( 10 ml). *rfae oelL was installed on the r^lcal bench of the 
afiparatus of Fig« 9, filter 5 being selec±ed fdrX^ - 2B0 mo (pro^ 
10 teln absorptloQ) eod tUfssc 6 paesingAj - 340 om Oao ptotein afaeorpb* 
ion} r tfaenr a^ustmsnts were niade in c^dar to center the beamr 
' vta proper respcsiae of tbe electropic units and ellow ttie eystan to 

qqiiilihrata with the tniniinnm of noise. !Cbenr 50 jjl o£ various diJub^ 
Ux& of anti^-senat (antl'*3]3G raised in ra]3&Lts^ porctased ercni ^'D^ 
: 15 to ibnnnoctieBdcalSr Ospeaftagen) were added and thoaDoo^bl? mixed by 

i bubbling air througrh^ Tbe recorder was th»i started at zero time and 

^ the ^ ccptl ctt changes at; X-j^ » 260 nm were ncoitored for about 10 

Mn« Ibe average rate o£ tfiange in this absorption fliqnal, was pLot- 
ted and tbe slope was raoorded in arbLtrary units. Ibe resuLta 
Z 20 shorn in Table V as a &Dctiaii of tise 2G ocnoentratim. 



AS {Bti^tl l^} ooncentratioa ^Ippe of- tha rata corva 
25 (pg/bil) V ffiSr^tdxi) 



4.5 2«23 
2*3 1.02 
30 1.S 0.78 

0%75 zxot readiJ^ BieasuEatiLa 

35 Hxa method was ess«xttally as described in the foregoing exas^- 

ple bnt replacing tbe rabbit IgG by a eorrespooding .TabellRd anti^e- 

ran. I&e Iftbening ooc pound was fluaee305in»lsobhiocganate ''isoner-l'' 
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(STDC) aod ti^ labelled antisarum nas obtained from '"Dako'. ^Is 
terlal strongly atacsrhB at 492 ran (thia wavelsigth ts actually 
so that which excites flucMrescein) . In the eaffperimsnt, filter 5 vas 
selected for aXj^ « 492 nm SUter 6 for a A2 - 600 nm where no ab- 
sovptian oocurs. ^is tests were perfioooad already described with 
varicqs concentrations of HETOlabeUed of xgG and aUo tasing. In 
another set o£ measurements,, active £iber sections of only 5 cm. Obe 
restats are r^ewted in tebte VI» 



10 



\ 
I 

i 

■n 



15 



20 



Caneentxattioa of labelled 
zgs in teat aixeett& (1:19^ 


alcpe a£ rate curtre (fOr/ain) 
Soc lengths 5 aa9 10 can 




S 


10 


0*827 


10.2 


22.6 


0.SS8 


6.3 


14,3 


0.350 


4.1 


8.9 


0.178 


2.1 


4.3 


0.(^0 


0.98 


2.1 


0.045 


0.43 


0.34 



25 It ^uas seea itx the pcevioos Exan^e that tagging with a £liio* 

• reaeein derivative oould be used to nndjj^ the abeorption epeetrmi 
q£ a protein andf oansaqp ent ly. Increase the sensitivity of the test 
of the present inventioa «dth regard to the unlabell^ ^ecies. Of 
course^ this st^staa can also be used to neaeore unknown ooncentrab*- 

30 im of imlabelled huoan IgG (conpetitive tgpe tnsasnremBnts) by using,f 
In additicn, a fixed coiOGntratlcn of labelled AB ^ the ratio of which 
over that of the lahpllfttl ^ecies will then be rate detemtziant ac- 
cording to the sdssQs shown en Fig* 6# In the e:$»eriinentSr the re* 
suits q£ wbicb are reported in ^^e TZIr the fixed cOftCenttsKtiOQ 

35 of Iflhellf^ IgG was 1 j3g/iBl» i3aA values reported in the first ff ft l^a nm 
are that of onlabeLLed igS. 
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Q n lab e ^U e d Sks^. of rate ctirves 

oQ QCtffttra ticn (jig/al} (arhitrar? units) 

5 • 

0 {i*e« l;2gi/UL of 24.3 
labelled IgG) 

0.09 19*7 

; 10 a«83 Ifi.2 

\ " 4.14 2,4 

I * 9.2 0.84 



15 



a]te asgaratus of Fig. 9 was qperatsd ijod^ fUiocesoenoe measw* 
reoen^ oapditlaosr i.e« the filter 5 for tiie excitafcioQ light was 
foe X 2 =^ 492 nm odgL the vslue £gc filter G axsd foe tiie ^dlticnal 
excltatloa ligbt tOxsckiAg f&lt^ after tte f iter baeic-^ «as for 
20 « 5ia laiu 

Tte e^^perimsxt va9 actually perfaneiS exactly an in Bcanpla 8 
but (Deaaarii^ an lixre^ of signal (einltted fluotesceoce) instead 
of a* decresK as in absocpticii ^ssem&ctau As in Esanple 8^ tba ano- 
^[^ts oosxtained 1 jxsMl of fli£iredcent 19G -f- ^arioos oGoo^traticns 
25 of iTnTffhpTl<»i1 hooaa IgS as aboua ia tbe left oolUAin in tba TabLs, 

isilabelled IgQ Slq^ of rate curves 

30 omdentrattlon Ifig/UL) (arbiteary traits) 

0«09 13*0 
0*83 5,3 
3S 4.14 1.4 . . 

9*20 0.42 
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It shc?uld bd dear to the resder that the results disclosed in 
Exainples 1 to 9 hEEve been used es the standardis Sost 
pes&i with Bimiiax sasples o£ onlcRaNn ooRoeofcrcttions. Oottpariscns 
aniS con^t^abians can be hotter as osual, visually or electronic 
3 pro c essing in the microaaapoters attachable to the disclosed 



10 



IS 



20 



25 



30 



35 
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CLAIMS 

X. A metbod fbc detecmining an analyte in soluticxi in vfhix± a 
layer o£ an analTtd-reactazit pccduct is built up at tl^e sur£^ ot 
a lit waveguide core carrjfing a naslti^y totally reflected ligbt 
wave s ig nal/ this layer fpnnRtinn having the effect c£ changing the 
5 optical prpperties bheceof so as to tsodi^ ^aid wave signal ar^ Bald 
nfidification being measured kid used for said deteminaticsa, which 
ccaQtisss usirtg as a wa^Teguide a ooce wittt an index of refkactlQa 
(n^) higher than that U^) a£ said azial;]?^ adlaticn aa3 having a 
tio njAij ^ value that tdbe depth of penetration in the scOab- 

la ion of the light oonpcnent associated with said wave signal ia the 
oone practically matAes with or exceeds the thickness of said an^^ 
lyta readtant product. 

2. She m efch ed o£ claiia 1, umfc/ti aing amtecting a secticn of 
a lit non-porous wav^^uide c^e coated with a thin film of a react*- 

15 ant sgeeiSLc to an dna:iyteL with a solutim of said ^nal;^ thereby 
enabling said analyte to react with said reactant of said film and 
fuzaa a reactant'-analyte product Isyecf ofaBocving the oocresponding 
0£±ical changes with time occurring to the li^ wave signal travel* 
ling thrash tte core at the output of said core as the result of 

20 said product lajer formatloi and correlating the rata data so obtain^ 
ed \rU3i ooEresponding standard refKeooe rata data cAtained in a si-* 
mliae iQatner fieon calibeating saasgLsB of said anal^te* 

3« The m^Aod of claim Ir coiprislng coating a section of a 
porous wave^gulde core with a reference cpaaitity of the analyte to 

25 be dgta gm i ned y injectusg a light wave signal iobo an input <^ said 
sectioor contacting said lit section with tlie analyte soloticn whi- 
le adding beforehand or sinaLtaneouslY thereto a r^ereuoe amount 
of reactant for causing the latter to cmpetitively react with tiie 
~ana2jrte in the sdluticn ani said reference quantity on the core# ob- 

30 serving tAe oarxespanding optical d»nges witt tlioe ooourcing to said 
wsve Biqnni at an output of said coce seetiGn as the result of said 
reacticA betweBi the reactesat and said refareoce quanti^ and oom- 
paring the rate data so ctotalned with staodard referenca rate data 
obtainad In a similar mmnw fcan cal.ihrating sangales of solutions 

35 of said analyte. 
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' 4. TtiB nethod o£ dLaim 2« iA whlcb t±sre is added in the dna- 
lyte eotstiaa a tracer gtiantit? of pore analyte in labelled form, 
^ p;esenoe of said latel in the reactanc axialyte product layer on 
t:hQ ^^e^ulde cx^re csmging the said optical changes to the li^ht 
3 wave signal travelling through that cocef the niagnitude of said chan- 
ge being in direct relation with the ratio of labelled analyte to 
analyta tn tte fiomticm 

5* Xhe ffisCbod o£ clalan 2, ocnprising i^ing a care with a ooab* 
I Ing of a reactant in excess of that stoiohiacetrically needed for 

j 10 binding the grjalyta in" the solution to be detenoinedr oontacting said 

1 ooated cxxe with the anal^ solution for totally binding aaid ana- 

I . Xybe to be detecndned, arHing to the analyte soluticii a referetioe 

4' amotait of anal^fte in pure labelled form to reset with the still un- 

j used excess a£ reactant, the presence of 3aid label in the reactant 

J x5 analyte product causing tiie said optical dianges ocxairring to the 

j| nnve signal, the SBgnitode of said daamge being in* direct pcopoc^ 

ion to tiie ratio of tte labelted aoalfte to the analj^te acigineOly 
in the sdutlcn* 

HiQ netted of daira Z in which the analyte posesses nore than 
20 one binding site for specifically bindirtg znore than coe Idnd of r»c- 



tantSr ooqgciaing contacting said core coated with a first reactant 
with said analyte eolution, adding a reference quantity of a second 
reactant for having said second reactant to bind to a second bind- 
ing site of said analyte, the said qptieaL change being the result 
25 oif the hfndfng of said second reactani: att the said seocctd binding 
site of the analyte bcncled fay its flr^ binding site on said first 
reactant of the cord* 

7* Ibe sEfdiod 'Of claim 2 in whi^ said rate data are interprets 
ed in teczns of the alqpe of tte. rate curves pertaining to the reac- 
30 tlon uodea: test or the rate data are ezbris^bLated to determine egui* 
librion ccndltiais, 

8« l!he iDsthod of claims 1 to 7/ in which said change in the cpti^ 
al properties o£ the guide core refers to the absorption of tiie war* 
ve signal, said nodif ication Ifwrfing to a decrease with tine of the 
\ 35 light signal neasured at « wl^t of said cere. 

I 9. ihe siathod of dairis 1 to 6r in which said ^sange in the cptio- 

I al properties of the guide eve concerns the generation of a fluo- 
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rescent light signalf said signal Inczeasizig with tJaa as i&easuced 
at an outjiab of said ocare cc sidewise thereto* 

10. method of claiins 1 to 9, in which said chang)^ in the 
optical properties of ti» guide core conoecns the scattering o£ said 
5 light wave signal, the extsit o£ soch scatbarinq increasing with ti- 
me and faaiog roeasurahLe partly sidewise to the scattering region and 
pact^ at an out^t of tba oace. 
; ' U, The mathod a£ claimg 1 to $r In which a polarized light sigi^ 

I al is used and in which said change in the optical p;aperties of the 

j la gidide oc n ce m s the elliptical polarizatiot para&ieters o£ said ^slgx^ 

1 alf said pggamgtsca being mssuced at an oatpat c£ aaid core, 

i 12. Oihe laathod of d.aiJR3 1 to 10^ in thich the oeare is MLecb- 

ed fircm light transparart pElatar rod az fiibei^like it^ with refract- 
i ive indeac afc laast 1.4. 

15 13. method o£ dlaim Ur in t^vUsh tha ce«e la a stn^le-ioo- 
'[ or mxLtiHaode optical f iher core* 

^, 14* a!ha metbod of claim 12r in which a tonltl-snode filcier is used^ 

aod o Du p tc ising using xaodos^ sufficiently shallcw,^ with regard to the 
fte e g axisr to ensure total ce£l£CticQ and atrfficie nt ag steep bo e»* 
20 sure a high Tlnffar density of lig^t signal oaatlng interaction si- 
'5 tes. ' ' 

( 15« TtB& inetbsd of claim 12, in which the core is a mtLtimsde 

£iher and in whidi the racdes ara selected with an initial reSlact- 
ing angle close to the critical sso^j&f vhec^ in the coarse of the 
25 reaotion a slight daange of tiie refractive index of the rare 
dim that occurs diie to tha growing of the analyt^aactsnt pL X) duc t: 
] win result in partial or tot^ refrecticn c£ the li^ outside the 

• 16- Alt s^gaeatim for inenfmrlng Idnafeie paraoebers in a reaehicn. 

30 of an analyte with a specific ri^^±an t thereto said rea o tioo cccmr- 
j ring on the surges of a wa:7e-^9aide and catafng detectable cfaanges 

! to the optical properties thereof, wbiA ocnprises a li^t source, 

aeans to inject a signal tern ttet Boqgce Into tbe input of said war 
ve guide, detecting reans to detect t2ie light signal liaving- under^ 
35 gond ^aanges when travelling therethrough and snerging therefran and 
coaverting it to an electric signal, and means for processing eaid 
signal into useful data pertaining to said reaeticsu 
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17. %e aepatatud of daim 16^ wherein tb& wave^^guide is selacb* 
ed £raii nateeials of refzacbive inden higbec than that of the reoc- 
ticn medium. 

18. The a£!paratus o£ claim 17/ wlierein l±e wave*gulde is in the 
5 fbm c£ a plate or a fiber of refractive index in the range of about 

1.4 to about 3*5 and shaped to ensure that the light signal ia trans-< 
mitiied throiigb said guide bar nniltipGLe total re£3^ction» 

19. ?3ie SBPScstus of daim IS/ wherein t!iB modified llgbt: sig^ 
nal eaoaarges as a scattered^ fluorescent or portly absorbed light sig*- 

10 nal. 

20. ^ af^atus of cOaim !&, wherein the wave-guide is in the 
Eojon of a Spirally coiled cptical fibers 

21. The a^gparatus of daim IB, ocn^lsiDg a couzttec^plate ar* 
'r^ged in nDxi-toaching dose parallel relationship ^th the wave-gui- 

15 de EOate, the reaction takl;^ pLace in the space provided bet^^een 
said plates, the reaction Badiura being held in place by capillary 
Ij fosroes^ 

5 20 



25 



30 



1 ■ » 
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